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INTRODUCTION 
No soil .can continuously sustain a constant moisture content. 
Instead, reHardless of amount of rainft11l, all soils, in upland or 
paddy positions, in temperate or tropi,::al are.as, experience 
various drying and wetting cydes by natural or artificial means • 
In Hawaii, it may be presumed that moisture regimes are so 
widely different that moisture content fluctuations in surface soils 
may range between saturation and cor,1pletely sun-dried conditions. 
Exceptions to this are the uncultivated forest soils such as certain 
Typic Hydrandepts, which always rer.1ain moist due to large 
amounts of rainfall and to being contiff-1ally heavily covered with 
vegetation. When exposed for cropping or other uses, such soils 
can underg<> drying for the first time in their history. Subse­
quently, ch,mges in soil behavior may then occur, which some­
times present problems such as chan9es in soil susceptibility to 
erosion. 
Drying and wetting cycles are kn:>wn to have significant 
effects on physico-chemical and perha:;,s mineralogical properties 
of soils. This is particularly true for soils in which noncrystal­
line components are important constituents because of the highly 
reactive and sensitive physico-chemical behavior of these 
constituents. Many Hawaiian soils contain various amounts of 
such noncrystalline colloidal constituents, as revealed by the lack 
')
.. 
·..... 
....... -
of ·or very weak x-ray diffractio n maxima. These may be gel­
like silicate::. , hydrated oxidel'i o i aluminum and iron, and/or 
organic matler (Chan, 19 72). Knowing their properties 1s 
important fo r· the understanding of physical, chemical, a~d physico­
chemical behavior of soils .and for predicting possible conse­
quences of management factors, including effects of drying and 
wetting. 
Theoretically, dehydration of a soil may involve reductions of 
water content from saturation to field rnoisture capacity (pF about 
1. 5 - 2. 5 or O. 0316 - 0. 316 bar), to ion-hydration or surface 
adsorbed water ( hygroscopic water: p F about 4. 5 = 31 bar), to 
structural water when sufficient dehydration energy is used. El -
Swaify and Henderson ( 1967) divided water in this region into 
the followins1 categories in order of increasing energy of removal: 
iim =,I, .+.a. +•'- +,!, (1)111 m1 111mc . "'mh 11.1ms 
where the l aft hand term represents all the water held by matric 
forces, and the right hand terms represent the water retained due 
to interacting diffuse double layer {swelling), capillarity, ion or 
surface hydration, and water incorporated within mineral struc-
ture, respectively. The drying process also involves a 
sequential change in the nature of interparticle forces and subse-
quent interactions. First, with abundant water present, inter-
particle linkages are caused mainly by mutual hydrogen bonds 
3 
.~ 
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involving wnter molecules. Second, ,:::ertain direct interparticle 
attractions are caused by eJectrostatic and hydrogen bonds ( El-
Swaify and Emerson, 1975). Third, when interparticle sepa-
rations are sufficiently small, attractio:.:is may be caused by van 
der Waal' s forces. All these attractive energy components 
increase in magnitude with decreasing interparticle distance. 
Therefore, it may be expected that closer contact between par­
ticles as is achieved by drying to near or beyond the adsorbed 
water rang,~s, i.e. , beyond a film thickness of one or two 
0 
molecular l,iyers of water or around lOA thickness ( van Olphen, 
1963), enh,3nces stronger interparticlo attractions. Fina1ly, when 
adsorbed '\\ ater is completely removed, particles may be more 
strongly att:--acted by van der Waal 1s nttraction in addition to the 
above attra~tion forces. When dried beyond this point, · particle:2 
begin to lo::;e structural water, possibly giving rise to mineral­
ogical chan3es. 
Little information is available on mechanisms of water reten·-
tion by and effects of dehydration on Hawaii's Typic Hydrandept.;. 
Except for El-Swaify and Lim ( 1976), most dehydration studies 
were performed under undefined conditions such as air-drying or 
sun-drying (e.g., Kanehiro and Sherman, 1956). Similarly, 
limited effort was made to investigate the roles of various soil 
constituents in the drying process and to determine the extent to 
which soil properties may be restored by rehydration. 
The m.::t i;"L objectives of the present research were to: 
A. Investigate the effects of well-defined dehydration 
treatments on the physico-chem ical properties- of selected 
volcanic ash soils. 
B. Employ . synthetic and selective extraction techniques to 
vepify the roles o·f various constituents in effecting 
chunges in soil properties as a result of drying. 
C. Investigate the extent to which original soil properties 
may be restored to dried soils by various rehydration 
treatments. 
'. 
LITERATURE REVIEW 
A. Theory and Concepts of Soil Wat·~r 
Since dehydration of soils involve.5 removal of water by 
either evap•.)ration or drainage, and s .nce soil water is important 
not only frc,m physical but also chemical, mineralogical, and 
nutritional !:.tandpoints, it is important ~o start this section with a 
brief discu~;sion of the theory and conJepts of soil water. 
Historbally, two slightly diiferent .views of soil · water gave 
rise to present concepts of soil water. Briggs (1897) tried to 
develop a c:oncept for the mechanics c,f soil moisture primarily 
based on tt.e so-called capillary tube :1ypothesis. He conceived 
that capillar'Y water exists as a continuous and tightly stretched 
film around soil particles and visualiZEid the forces arising from 
the curvature of these capillary water surfaces · as the principal 
cause of the retention of soil moisture. Accordingly, water 
movement would be expected to take i:1lace from thicker to thinner 
films with f'le rates of movement being related to differences in 
film curvature, the surface tension, and the viscosity of the liquid. 
Consequently, he proposed classification ·of soil water into three 
categories: 
·........ ",.·,. 
1. Hygroscopic water, which is absorbed from an atmo­
,~ . ·•.• •. ~··. ,·, 
sphere of water vapor as a result of attractive forces at 
the surfaces of soil particles. 
6 
2. C apillary water 1 ,,,vh ich ts he'd by surface tension forcEs 
as continuous fii ms around th~ particles and in capillary. 
spaces. 
3. Gr·avitational water, which is not held by the soil but 
dr,:lins under the influence of gravity. 
Later, Briggs and McLane {1907), using centrifuge equip­
ment, deve1oped the moisture equivalent as an expression of soi :· 
ability to hc1ld water under a centrifugal force 1000 times that of 
gravity. Bouyoucos (1921, 1936) criticized th~ above classifi-
cation and suggested a new classification of soil water on the 
basis of results obtained from freezinn-point and dialatometer 
studies. His proposed classification of soil water was as follows: 
1. Gravitational, which is superavailable to plants~ 
2. Fr·ee, which is available to · plants. 
3. Unfree: a. Capillary-absorhed, which ts only slightly 
available to plants. 
b. Combined, including both the water of solid 
solution and water of hydration, neither of 
which is available to plants. 
Gravitational water needs no explanation. Free w·ater ts that 
which freezes for the first time due to supercooling at -1. 5 °C. 
Capillary-absorbed water is that which freezes last due to super-
·,'· .· ..... 
...~ 
.·, cooling at -4°C and at -78°C minus the free water. Combined 
. :.:J 
'' water 1s that· which does not freeze at all. 
7 
Buckinnham, in 190 7 , explained ~oil moisture retention in 
terms ·of er.ergy which is acting between soil and water intro­
ducing the term "capillary potential. 11 Characterized by letter 1!r, 
,· ... 
.. ~. . . 
this term expresses the value which measures the attraction of 
soil for waler at any given point. Gardner (1920a, 1920b) 
expanded Buckingham's idea, pointing out that the capillary poten­
: .. · tial is a 1in,3ar fµnction of the reciprocal of moisture content over· 
a considerable range of the curve reldting the two according to 
the equation: 
. . ~ : . ·., 1lr = (e/0) + b (2) 
In equation ( 2), l!T is the capillary pot,3ntial, 9 is the moisture 
content, and e and b are constants. The· equation .indicates that 
...... 
the potential moisture curve is hyperbolic in nature-. Russell and 
Richards ( :l938) determined capillary potential by a centrifugation 
method applying relation: 
dilr 2
. 
~ ~ . .· . 
. 
= r w (3)dr 
where r and w are the radius of centrifuge and angular velocity, 
respectively. By holding w constant, equation ( 3) was integrated 
between the limits of r and r to obtain: 
;· ·~" 1 2 
•r• ' • ., (J) 2 2 
. . :• . ~~· (4)
•1 - '2 = 2 (rl 
"·!, 
• ,!,.;. 
. ) ... 
In applying the centrifuge method; r represents the radial1 
8 
distance frc,m center of rotation to the · free water surface, r the 
2 
distance to the soil, and ilr 1 the capillury potential at distance r .. 
1 
Since it 1s customary to choose free water surface as a refer-
ence level, 4r = 0 at that point. Thel'efore, w2 , the capillary1 
potential of water in the soil, becomes: 
·2 
(I) 2 
= yCr 2 (5) 
They found that pF 4. 2 was in good agreement with experimen­
tally deterrr:.ined wilting points by equation ( 5). 
Recenty, Baver ·( 1972) theoretically defined the total poten­
tial for wat 3r present in any soil system as: 
= IQ + w9 + WP + wn + ,!'Q ( 6)m 
where $ I W , W , wiT, and ilrn are the matric, gravity1m g p u 
pressure, ,,smotic, and overburden p:>tentials, respectively. 
El-Sw :tify and Henderson ( 1967), in their studies of water 
retention by colloidal clays, further subdivided the matric compo ·­
nent into four categories in order of increasing energy of 
removal. Those categories, expressed in equation ( 1), repre-
sent the water retained due to expansion caused by interacting 
diffuse double layers (swelling), capillarity, ionic or surface 
hydration, and water incorporated within mineral structures, 
respectively. The first three categories are expected to prevail 
at ordinary temperatures. ·However, the la.st term which 
9 
determines the possible ·occurrence of mineralogical transfor­
mations is ~·enerally associated with such high energies that 
losses of structural water are expected only at elevated temper­
atures. Fc,r Hawaii's Typic Hydrandepts, El-Swaify and Lim 
( 1976) argued that even long-term dehydration at ordinary 
temperatures is not theoretically expected to . cause crystallization 
of a~orphous Al (OH) to gibbsite. Rather, the gibbsite detected 
3 
in such soils, even after drying in the laboratory, is an actual 
natural conutituent of the soils. 
B. Colloidal Particle Interactions 
A most obvious implication of dehfdration is the change in the 
nature of interparticle forces and sub~:equent interactions among 
soil particles. The theory of colloida. stability which was devel-· 
oped by Derjaguin and Landau ( 1941) and by Verwey and 
Overbeek ( 1948), is applicable to the dehydration process. This, 
henceforth 1!alled the DLVO theory, describes the interactions 
between colloidal particles in terms of repulsive forces, which 
find their or•igin m the electrochemical double layer and attractive 
forces of the van der Waal's-London type. The transition from a 
stable to a flocculated system can be represented by the net 
interaction energy of these two energy components. 
1. Repulsion energy ( V R ) 
Repulsion between s~milarly charged particles takes place 
10 
~ ... 
-- ... 
. . ' 
· I 
because of their formed diffuse double layers (Gouy, 1910 and 
1917 and Chapman, 1913). The repulsive energy is the amoun;: 
of work required to bring the particle:; from an infinitely large 
distance of separation to a definite distance. Verwey and Over­
beek ( 1948) have shown that the follo·Ning approximate equation 
describes this repulsive energy, V R, when the interaction 
between two plane-parallel surfaces i~. small: 
= 64 nk T r 2 e . .xp ( _ 2 K d ) (7)
K 
where d is the distance halfway between the plates, n ts ion 
concentration and K is defined by equ3.tion ( 10), k and T have 
their usual meanings, and 
exp( Ze ~ /2KT). - 1 
r = 
0 (8)
exptZe ,Jr0 /2KT) . + 1 
in which Z represents the counter ion valency and dr the poten-·
0 
tial at the particle surface. In generc1I, however, the repulsive 
energy may be expressed by 
JLf <w , 111d>
z2 o 
where 111 d 1s the electrical potential halfway between the particles, 
and 
1 
{ 2 2 o)2
\8TTZ e nK . = (10) 
DkT 
11 
_::. ~ . 
- ... •. . 
. . ; 
·..· ...... .. 
: ~ :.'i'."' :· ,: ~. 
' .. ·. ~ . 
• • •I ~ • •.- -<, o # • 
' 1, ~- · . ''I 
Therefore, for a given value of W ar,d "1 d the V R depends on 
O 
the valency ( Z) and concentration ( n'') of the electrolyte in the 
system. The value of V R depends on 1!r ( since for a gtven
O 
distance between the particles Wd is a function of t~ ) for a given
0 
value of K and Z. 
2. Atlraction energy (VA) 
The at'~raction energy (VA) between particles ts mainly due 
to the van der Waal 1s attractions. Since van der Waal's attrac­
tions betwe,~n atom pairs are additive : the total attraction between 
particles cc ntaining a large number of atoms is equal to the sum 
of all the a1:traction forces between every atom of both particles. 
The attraction energy derived by Verwey and Overbeek ( 1948) 
for a 2:1 day is 
V = _ ~ ( 1 + 1 _ 2 ·r' ( 1 l ) 
A 48TT . <l2" (d+o :IZ cd+o 12 >2) 
where A is the van der Waal's-London constant which has a 
value of approximately 10-12 erg, o 1s the thickness of inter­
acting plates, and d is the halfway dh,tance between two particles, 
respectively. This attraction energy decays with the second 
negative power of the distance thus having long.er effective range 
than interatomic or intermolecular attractive energy which decays 
with the sixth negative power. 
12 
.. 
. I 
. , . 
J. Total e nergy of interaction (V · )
T 
Based on the D L VO theory, van Olphen ( 1963) illustrated 
the applicability of the total energy. of interaction to colloidal clay 
systems. Figure 1 is a schematic presentation of the repulsive 
and attracti'l'e energy for a given colloidal system as a function c,f 
particle separation at three electrolyte concentrations. As pre­
dicted by equation ( 11), the attraction component remains 
practically the same .when electrolyte ,:::oncentration in the medium 
1s varied. On the contrary, double-1 ,:tyer repulsion decreases nt 
higher electrolyte concentration. ThiE was pr~dicted by equatious 
(7) and (10). Figures 2 (a), (b), and (c) illustrate the net 
interaction 1::urves and subsequent soil colloidal stability. Figure 
2 (c) shows no net repulsion at any interparticle distance at the 
high electrolyte concentration·. It is expected, therefore, . that 
particle agglomeration occurs in this Eystem at ·a maximum .rate, 
a process which is called "rapid coas·ulation." At intermediate 
electrolyte concentrations ( Figure 2 (b)) the coagulation ·procesH 
is retarded by a small long-range net repulsion. Under this 
condition, "slow coagulation" takes place. At very low electrolyte 
concentrations ( Figure 2 (a)), the coagulation pro~ess 1s 
retarded by the appreciable long-range net repulsion to such an 
extent that it may take the longest period of time for coagulation to 
become perceptible. Indeed, for all purposes, the sol remains 
stable under these conditions. From these net potential curves, 
1 3 
double-layer repulsion 
at_3 diffrent ·electrolyte 
concentrations. 
-,, ... ~ . . 
I . 
van der Wools 
attraction 
Figure 1. Repulsive and attractive energy as a function of 
particle separation at three electrolyte concentrations. 
. . '.
-.,: . 
. . .. -.~ 
14 
particle separation 
~ 
l 
(a) 
. I 
I 
~ particle separation 
~ 
separation 
{b) Ce) 
Figure 2. Net interaction energy as_ a function 
of particle separation. 
(a) Low electrolyte concentration 
~· . :..- . ( b) Intermediate electrolyte concentration 
( c) High electrolyte concentration 
15 
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it is clear that colloidal stability or floeculation for a given sol 1s 
primarily governed by interparticle distances and the degree of 
compression of the double layer by added electrolytes. 
The dependence of net interaction energy on interparticle 
separation may be applied to the dehydration process. As wate;.. 
·is lost from colloidal dispersions, suspended particles gradually 
get closer together until sufficient inter-particle contacts prevent 
closer approach. Further drying beyond this point ( the shrink­
age limit) results in decreasing water film thickness around the 
particles. The relative net attraction energy between colloidal 
particles is determined by the average, interparticle distances in 
the dried s :rstem. Subsequently, the degree of stability of aggre,-
gates or agglomerates 111 this system ·,s affected by the attained 
degree of dehydration. 
C. Effects of Dehydration Treatmentf: on Physico-Chemical 
Properties of Soils 
Power:.; (1932), working on peat soils, reported that the 
cation exchange capacity of lignin and hemicellulose fractions were 
reduced by drying. Sherman et al. (1953) observed that 
dehydration of colloidal hydrated oxides of the soil may be 
responsible for the development of indurated laterite horizons . 
They also reported that dehydration caused changes in compaction, 
bulk density, _particle density, and particle size. Fieldes et al. 
1(, 
. . ' 
( 1952) have shown, through artificially prepared amorphous 
hydrous oxides of Al, Ti, Fe, and Si that these oxides have 
high C. E. C. , especially Al and Ti. But, crystalline · forms of 
these oxide~. have low capacities. Consequently, they concluded 
that the C. E. C. of soils from the Lower Cook Islands Group 
was due m€1inly to amorphous colloidal hydrous oxides in them. 
Kanehiro and Sherman ( 1956) reported that C. E. C. of some 
Hawaiian sc,ils were reduced upon drying. These reductions 
were most notable for the Hydro} Humic Lato sols ( now- Typic 
Hydrandept!;) and least notable for soils that undergo natural 
intense drying cycles. For the soils in this study, the reguction~; 
were 20-30% and 28-.36% for Hilo soil, 42-66% and 55-75% for 
Akaka soil, upon oven-drying and sun-drying for 100 days in a
. 
glass house, respectively. Upon reh:1dration, these re~uctions 
were regained in the order of wet ar,~a soil<moderate wet area 
soil<dry arna soil. Thus, very little reversibility was noted in 
the reduced C.E.C. of Typic Hydrandepts. Brown (1953) found · 
that the amounts of cation exchanged bto a resin from soils 
increased sharply as the soil moisture content increased through 
the range from wilting percentage to saturation. Reduction · 
increments were much higher in the range between moisture 
equivalent and maximum water capacity. .He explained this 
phenomenon, in addition to the factors of solubility, cation hydra­
tion, osmotic pressure, and changes in the equilibrium between 
.·:··
•' ~ 
17 
exchangeabl 3 cations and water solubln salts in soils (Kelly, 1948 
and ReitemE!ier, 1946}, by the larger thicknesses and continuity 
of water filr:1s within the pore systems of wet soils. With the 
entire pore system filled with water ( Ht saturation}, the thickness 
and continui~y of water films allowed a hydro.gen membrane 
(resin) in c:ontact with the soll aggregates to maintain an efficient 
exchange of hydrogen ions for the cations held by the soil aggre­
gates in imrnediate contact with it. At the same time, this film 
thickness purmits the membrane to continue to absorb cations 
even after this soil surface, in contact with it, has been largely · 
depleted of exchangeable cations, and also permit maximum 
exchange of cations demanded by the <?quilibria conditions existinu 
within and between the soils and the membrane. Rana and 
Sherman ( :t971) reported nonimprove<I productivity and _decreased 
P-fixation capacity of Akaka and Puhi soils upon drying at room 
temperature in the shade from moisture content at 260% to 80%, 
and 66% to 22%, respectively. Kadre·<ar and Kibe ( 1973) 
showed that alternate wetting after a drying treatment released 
more applied K faster from soils than continuously moist con­
ditions. Also, air dried and oven dried soil released early and 
maximum amounts of K from nonexchangeable form in soils, 
respectively. Ahmad and Davis (1971) and Summerfield and 
Rieley ( 1973) reported similar results through their own experi­
ments. Sorensen (1974) observed that the rate of organic 
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matter decomposition in soil s i r!c reased ·by alternate air drying 
and wetting fo llowed by incubation at ~:O°C. Sisal and Pelton 
( 1971) showed that the integral heat of immersion of oven dried 
and freeze dried soils were equally h ::gher than that for air dried 
soil. But, he pointed out the possibil:ty that the freeze drying 
treatment c ,3.used an increase in surfa~e area of the sample. It~; 
effect on th,3 heat of immersion was c -.:>unterbalanced by the small 
amount of moisture which was retained as compared with that in 
the oven dried samples. 
D. Synthe':ic and Selective Extraction Techniques to Verify the 
Roles ,::,f Various Constituents in Effecting Changes in Soil 
Properties as a Result of Drying 
There is no doubt that precise understanding of · the -effects of 
individual s:>il components would help in any effective interpre­
tation of thEi overall behavior of the rnther complex and hetero-
geneous soil system. This idea ts generally carried out by the 
synthetic and selective extraction techniques, yet neither technique 
1s completely satisfactory. Results obtained by the former are 
difficult to interpret exactly because the synthetic minerals are not 
necessarily identical with the minerals occurring in natural soils 
(EI-Swaify and Emerson, 1975). The latter technique raises 
considerable questions of validity because the extraction process 
1s never really selective for a given .soil constituent. Of the two 
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alternatives, however , the synthetic rr,ethod raises less questions 
of validity. 
Lutz ( .l 938) a ttempted to investigc,te the effect of Fe on soil 
physico-che mical properties, precipitating Fe-hydroxides m 
electrodializ ed bentonite. Gastuche ( l.964) ~s well as Greenland 
and Oades ( 1968) have shown the possibility of successful syn­
thesis of not only pure octahedral hydroxides, but also specific 
AI hydroxic es and Fe ( III )-hydrous oxides in the presence of 
silica. El-Rayah and Rowell (1973) precipitated Fe-hydrous 
oxides and Al-hydroxides into dispersed clay, clay aggregates, 
and orienta-:ed flakes of Na saturated Wyoming Bentonite. They 
concluded t'.1at Fe and AI interlayers reduced the swelling of Ns­
montmorillo:1ite in NaCl solution. Thny noted that a deposit of 
sesquioxide around an aggregate or orientated flake of clay 
restricts swelling until . the sesquioxide coating is broken by the 
swelling pr,~ssure of the clay, and thnt AI was a: more effective 
suppressor of swelling than Fe. Blackmore ( 1973) illustrated 
that aggregates produced by mixing of clay with separately formnd 
Fe( III )-precipitates were less stable than those produced when 
the clay was present during earlier stages of the precipitation 
reaction. Cornell et al. ( 1974) obtained the kinetic curve for 
the early stage of dissolution of synthetic goethite with O. SN-H Cl. 
They concluded that some amorphous ferric hydroxides exist, 
possibly as exterior coatings and dissolve very rapidly. 
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These usually did not represent more ·than O. 2% of the total mass 
of goethite. They further mentioned f1at the amount of amorpho1..•. s 
material was not related to surface ar-ea alone but depended upon 
the precise conditions prevailing durin:1 the final stages of goethit-~ 
crystallization. They did establish the•se conditions precisely. 
El-Swaify and Emerson ( 197-5) and El-Swaify ( 1976) precipi­
tated Fe- and Al-hydroxides in absen::!e and in presence of clays. 
They observed that precipitated F ~ cc·nsisted of particles about 
40.A in diameter and amorphous in x-ray rather than the acicular 
goethite thal precipitated under similar conditions in the absence 
of clay. Al was present as thin layers on the surface of clay 
particles ar..d their form was generally indeterminate in contrast 
to the cryst:allized gibbsite or bayerite formed in the absence of 
clay. El-Bwaify ( 1976), through ob~;ervations of colloidal 
stability dia9rams of hydroxide-treated clays as well as pure 
hydroxides, concluded that the colloidnl stability of undried mix­
tures was dependent on the charge bnlance between individual 
constituents. It was also revealed thnt, after one drying cycle, 
all hydroxy treatments inhibited the double layer swelling of N"a­
cla_ys in dilute NaCl solutions, that Al was more effective than 
Fe in reduci'ng slaking of dry clay discs, and in increasing the 
resistance of clay to dispersion in phyrophosphate solutions. 
In an attempt to improve selective extraction techniques, 
Tweneboah et al. ( 1969) proposed the O. SM CaCI2 at pH 1. 5 
-·:-· 
. ' 
:· ; . .,.. 
.·,
·" 
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solution for effective selective extraction· of active Al from acid 
soils. After measuring changes tn charge characteristics of soil$ 
before and after extraction, they suggHsted that the positive 
charges tn the soils studied were mostly due to the 11 active 11 Al 
oxides. Their soils included several highly oxidic samples with 
one Oxisol ( Krasnozem). Chan ( 1972) applied this extractant to 
the Hilo soil and showed that peak intonsity in x-ray diffraction 
analysis was improved, and that the II gel-hull" surrounding clay 
particles Wc:lS effectively removed by tltis extractant. Since 
Galabutskaya and Govorva ( 1934) in Russia removed Fe oxides 
from kaolin by reduction with sodium hydrosulphite, the technique 
received thE: attention of many worker:;. Deb ( 1950) modified 
this method and compared it with the oxalate-sunlight method. H,? 
concluded that neither method was quite satisfactory for removins 
free Fe oxi::les without affecting crystal structure, but the sodium 
hydrosulphite method proved superior. Aguilera uJ"ld Jackson 
(1953), and later Mehr~ unc:i Jackson (1958), again modified thi::; 
~:;!~v-d .,.. ..,..,ctium dithionite-citrate and then · included a sodium 
bicarbonate buffer. They reported that this method was most 
effective in removal of free Fe oxides from latosolic soils and 
least destructive of silicate clays as indicated by least loss of 
C. E. C. after oxide removal. 
Ammonium oxalate extraction was proposed by Tamm ( 1922) 
for Al, Fe, and Si extraction. Lundblad (1934) showed that this 
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reagent wa:3 useful in differentiating between certain classes of 
soils. Schwertmann ( 1964) retested this acidified ammonium 
oxalate as ,m extractant of Fe-oxides and found that it dissolved 
only x-ray amorphous oxides in darkness. Deb ( 1950), 
Gorbuner ~ al. (1961), and Mitchell (1964) ~bserved that the 
dithionite method usually does riot distinguish. between hydrated Fe 
-oxides wec1thering products and crys :alline primary Fe-oxides. 
Also, McKeague and Day ( 1966) dete,rmined Fe and AI extractE!d 
in acfdified ammonium oxalate and bicc .rbonate buffered dithionite 
citrate extrnctants as aids in differenti :iting various classes of 
soils. They found that the ammonium oxalate contained more Fe 
and Al from amorphous materials than from crystalline oxides 
whereas thH dithionite dissolved a lars e proportion of both crys­
talline and nmorphous materials. SoLs subjected to both 
extractions, however, gave much mor·e clearly defined x-ray 
diffraction patterns than unextracted scimples. Consequently, they 
concluded that both oxalate- and dithio :1ite-extractable Fe and Al 
values are useful in studies of soil genesis and classifications 
because oxulate and dithionite values give an approximation of 
accumulation of amorphous products of recent weathering and of 
combined content of amorphous and crystalline forms of Fe 
oxid~s. In contrast, Arshad et al. ( 197~) reported that charac­
terization of pedogenic horizons based on oxalate- and dithionite­
extractable Fe and Al, might have limitations. · Pawluk (1972) 
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report<:~d thnt the double extraction wit,; acidified ammonium oxalate 
and single extraction with dithionite ex .raction probably serve as 
good indications of relative amounts of amorphous and total "free 11 
Fe oxides, respectively ·. He also re~:>orted that acidified 
ammonium oxalate removed more Fe :han dithionite from both clHy 
and very fine sand plus coarse silt fr :1ctions of soils but at a 
much slower rate. Schwertrnann {1S 73) insisted that oxalate 
would not dissolve a maJor part of the: crystalli~e Fe oxides in 
most soils hased on evidence he obtained with synthetic 
lepidocrocit«:!s and goethites. 
E. Restordtion of Original Soil Properties After Dehydration 
Puri and Keen ( 1925) tested how moisture content of the sclil 
and the shaking period affect the degree of dispersion with soil 
moisture contents of 22.60%, 17. 75%, and 3.62%, respectively. 
They illustrated drying effects on cementation were reached long 
before the ;3.ir-dried state and that shHking was not necessarily 
enough to break down the aggregates. Warkentin and Maeda 
( 1974) measured the shrinkage and plasticity characteristics of 
allC?phane soils from the West Indies and Japan in both moist and 
dried states. They reported that .shrinkage and plasticity are the 
most unusual properties of allophane and that both change mark­
edly upon drying in the following order of severity: oven drying> 
air drying>freeze drying. They further suggested that the 
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plasticity characteristics d allophane, namely a high liquid limit, 
low plastic index , and a decreased plasticity index on drying 
could be a basi s for rating amount and nature of allophane in 
soils. Sherman et al. ( 1964) showed that drying of Typic 
Hydrandepts resulted in significant chnnges in many physico~ 
chemical pI'operties. When drying proceeded below a certain 
point, yet undefined, such changes were not reversible upon re ·-
wetting. Since natural behavior of such soil is markedly influ-
enced by abundant presence of .x-ray amorphous colloidal 
constituents, they presumed that the drying process, even at 
ordinary rc,om temperature, enhanced transformation of these 
constituents into crystalline minerals. Since Clelland, Cumming, 
and Ritchie (1952) reported "high solubility layer" on the surface 
of dust particles from a 11 roek crystal, 11 workers tried to 
measure the thickness of such amorphous coating and whether 
they play a role in the stability of soil aggregates. For instanc~, 
Engelhardt ( 1955) estimated the thickness of the amorphous 
coatings to be 1-10.A. Using an electron microscope, Jones and 
Uehara ( 1973) observed amorphous gel coatings on aluminum 
silicate, in high aluminum soil, and on quartz surfaces. They 
speculated that the capacity of amorphous coatings would act as 
viscous bodies when moist and elastic bodies when dry and 
allows them to have a pronounced effect on the porous body as a 
whole. They further indicated that amorphous materials such as 
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those in gel --like substances iose their v1scous properties 1rre-
versibly upcn drying in high oxide sys~ems but appear to be able 
to alter rev,~rsibly between the viscou!; and elastic state in high 
silicon systems. Blackmore (1973) has also reported that when 
50% of Fe (OH) by weight was added to · Na-montmorillonite,3 
only 25% of the original clay was released by high speed stirring 
in a phyrop:iosphate solution. Kemper and Koch ( 1966) investi-
gated the a~!gregate stabilities of soils from Western United State:; 
and Canada and attempted to relate these stabilities to several 
factors including dehydration period and temperature. In general, 
however, very little work has been done on Typic Hydra_ndepts, 
or similar HOils, to investigate whethe:... restoration of original · 
properties after drying is possible (EJ-Swaify and Lim, 1976). 
MATERIALS AND METHODS 
•. "-. ~ 
A. Materials 
1. Soils: Selected soils for this study were: 
a. Akaka silty clay loam 
b. Hilo silty clay loam 
c. Kawaihae very fine sandy loam 
Some background information on ·~ach soil are listed m 
Table 1. 
As shown in the table, these three soils were developed 
originally from volcanic ash. The ori3inal ash is presumed to be 
the same, hut due to different climate, particularly rainfall reg1m es, 
appreciable differences exist between the properties of the soils. 
' . . 
These are mainly reflected in different profile characte.rjstics, 
chemical and physical properties, and ·mineralogy, including 
amorphous and organic matter contents. These have been dis-
cussed earlier by Voss (1969), Chan (1972), Dias (1965), 
Gardiner (1967), Sato et al. (1973), and Foote et al. (1972). 
2. Synthetic minerals 
a. Iron hydrous oxide (A). 
b. Iron hydrous oxide (B). 
c. Aluminum hydroxide ( gibbsite/bayerite) • 
Table 1. Some Information on Selected Soils 
Soil Classification 
Soils U.S. Great Soil Origin Elevation (m) Rainfall Total Area 
Taxonomy System Group System of Occurrence (mm/year) in Hawaii Cha> 
Akaka Thixotropic, isomesic, Hydrol Humic Volcanic 300-1,400 about 46,400 
Typic Hydrandepts. Latosol ash 7 ;600 
Hilo Thixotropic, isohyper- Hydrol Humic Volcanic near sea level 3,050- 5,750 
thermic, Typic Latosol ash to 240 4,600 
Hydrandepts. 
Kawaihae Fine loamy, mixed Red Desert . Volcanic near sea level 130- 11,730 
isohyperthermic, to 450 500 
Ustollic Camorthids. 
2n 
B. Methods 
1. SoJ preparation 
a. Soil sampling. All three soils are located on the 
island of Hawaii. Surface soils were coilected at 
., . 
depths between 10 and 30 · cm to avoid inclusion of 
the top portion of the soil which may be subject to 
some drying by exposure to the atmosphere. 
b. Organic matter removal. Hydrogen peroxide 
treatment was applied to 50 g of each soil following 
the procedure of Kunze ( 1965}. Approximately 101) 
, . 
. . '•. : 
ml of water was added to 50 g of each soil to make 
soil to water ratio 1: 2. Ten to twenty ml of 30% 
' ·: .• 
.. 
hydrogen peroxide was added to the mixture, st-irred, 
. ,·. ,• 
and the excess liquid wa:; allowed to evaporate to 
keep soil to water ratio hetween 1: 1 and 1: 2 durin!J 
digestion at 65°C - 70°C on a hot plate while 
covering with ribbed watchglass. This procedure 
was repeated until · excessive effervescence ceased 
and the dark color was lost. Total hydrogen 
peroxide amounts added were 1,570 ml, · 1,350 ml, 
and 950 ml for . Akaka, Hilo, and Kawaihae soils, 
.. ·.. "~ . 
respectively .. ,
, .. 
,,, I • ' 
·. ~ . ·.• •· 
... 
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2. Synthesi~ of hydroxid2s 
The al:,ove three minerals w ere ~;ynthesized following the 
methods de,cribed by El-Swaify and Emerson (1975) for goethito, 
and by Gaf.tuche(1964) for gibbsite. 
a. Fe hydrous oxides. Iron hydrous oxides were 
synthesized from N FeCt3 solutions by slow titration 
(more than 4 hours for 2 liters of FeCI3 solution) 
with N NaOH up to pH levels of 6.0 and 12.0 for 
the Fe hydrous oxide (.,A) and Fe hydrous oxide 
(8) , respectively. 
b. Gibbsite. This aluminurr. hydroxide was synthesized 
from O. lN-AICi solution by slow titration ( more3 
than 8 hours for 2 liters of AlCl3 solution) with 
O.lN-NaOH up. to pH 4.5. All precipitated hydro;~-
ides were dialyzed against deionized water in bags 
..... ·,.. 
of semi-permeable viskin3 cellu~ose until free of Ct··, 
This was ascertained by AgN03 testing. A period 
of 2-3 weeks was needed during which distilled 
water was changed twice a day. 
3. Drying treatments 
a. Oven drying. Ten to twenty g of soil or synthe­
sized mineral was oven dried at 105°C for periods 
ranging from 24 to 48 hours until a constant weight 
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w as obtained. 
b . P o drying. Ten to t\,1enty g of soil or mineral2 5 
were placed in a desiccc.tor over P o ·( anhydrou£;2 5 
phosphorus pentoxide) for three weeks or until a 
constant weight was obtained. 
c. Freeze drying. Twenty g of soil were suspended 
in distilled water by a mild blending treatment for a 
few minutes to provide a uniform dispersion. 
Suspended soils and symhesized minerals were 
frozen quickly in liquid nitrogen in Pyrex flasks the:1 
.·.. 
freeze-dried using a Virtis freeze dryer. Periods 
up to 5 days, depending on sample size, were 
required for complete drying. 
4. Moisture content measuremems 
Soil samples, approximately 5 g each, were used to deter­
mine drying times. These were placed in a desiccator over 
P o or in the oven at 105 ° C and weighed every 24 hours for 
2 5 
46 days. Moisture contents of soils and synthesized minerals 
which were subjected to drying treatments were measured by 
oven drying of subsamples taken immediately after the drying 
treatment • 
. ~ .. .' 
. :~-:, : 
5. Physical . property measurements 
a. Determinatiqn of shaking period for effective 
.. .. : 31 
aggregate breakdown. ~,."'en g samples each of 
original and P205 dried soils were shaken for 5, 
10, 20, 30, and 60 mint.tes {the last only for 
Akaka soil) in soil:water· mixtures with a ratio 1:8, 
1:6, and 1:4 for Akaka, Hilo, and Kawaihae soils, 
respectively. A Spex rr. ixer mill {Model 1800) was 
used. The mixture was made to a volume of 250 
ml. The concentration c,f released < 2 µm particles 
in this suspension .was measured usmg a plummet 
balance (modified from Marshall, 1956) at a depth of 
5 cm after a settling time: of 4 hours. Also, the 
concentration of sand-sized particles was determined 
from < 53 µ m readings determined by the plummet 
.. -· ;{ 
balance. 
b. Determination of optimum soil: water ratio for particle 
breakdown. Two g (oven dry basis) of original 
and P 20S dried soils were shaken as above for 21) 
minutes in mixtures with soil:water ratios of 1:2, 
1:4, 1:6, 1:8, or 1:10. Contents of < 2 µ m parti -
cles were determined by the plummet balance and 
> 53 µ m particles directly by sieving through 270 
mesh sieve after <2 µ m measurement. · 
. .. . .~ 
c. Analysis of particle size distribution. Five to twenty 
.. ' g samples were shaken in the Spex mixer mill 
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applying in mixtures containing 1:8, 1:6, or 1:4 
soil :water for undried Akaka and mineral samples, 
· undried Hilo, or Kawaihae and samples subjected to 
.. ::·::· ·· drying treatments, respectively. A shaking period
... ·.. ··.· .-·. 
. .. -·... ·: . ··: of 20 minutes was used for all ·samples. After 
. 'i shaking, samples were Huspended in 1 liter cylin­
. · 1 
ders using distilled water and <2 µm particles were 
measured at a depth of ;~O cm after a settling time 
of 16 hours. · 
To determine the chemical conditions favoring . 
effective dispersion, a series of samples each 
weighing 10 or 20 g (oven dry basis) of original 
and P o -dried soils WE:re shaken as above but tr.2 5
media adjusted to variou~i. pH values. This was 
achieved by adding adequate amounts of N HCI or 
N NaOh and distilled wa:er. Final pH values 
ranged from 3 to 11 . The soil: solution ratio was
·. •.. 
1 :4 and the shaking peri•:>d 20 minutes. After sus-­
pending in 1 liter cylinders using distilled water, 
particles of <53 µ m and <2 µm effective diameter 
were measured after settling times of 80 seconds 
and 16 hours, respectively, at 20 cm ·depth. 
d. Measurement of water retention. Sample tablets,:• .. ·.- .. 
'.··,' ....... , -:.··· . 
.~-
each containing approximately O. 5 to 1. 0 g samples, 
3J 
,. . . ~ 
. :·· 
e. 
"· 
were made from dried s,-imples in a special mold 
using pressures of around 120 atmosphere (4,400 
psi) by a Carver hydraulic press (Mode_l B). 
Resulting discs were O. t cm in thickness and 1. 3 
cm m diameter. Water r·etention was measured at 
10 and 50 cm suctions by thes~ discs after an 
equilibrium period of 2 v... eeks. The measurements 
were made in specially c'.esigned units consisting of 
ceramic plates mounted i :i plexiglass and equipped 
with hanging water colurr. ns and adequate covers to 
protect against evaporatic,n. Water contents of these 
discs were determined by oven drying at 1os 0 c . 
Specific surface area mEiasurement by water vapor 
f?Orption. Five subsamp(es each weighing O. 5 · - 1 . 0 
g were placed in weighing bottles, mixed with 
enough ~istilled water to exceed saturation, placed m 
desiccators with controllE?d relative humidities, then · 
allowed to equilibrate for 2-3 weeks after evacuation. 
Saturated solutions of KN03 , NaCl, Mg(N0 ) •3 2 
6H 0, MgCl ·6H 0, and LiCl•H 0 were used to2 2 2 2
control the relative humidities in these desiccators at 
92.0%, 76.0%, · 53.4%, 33.2%, and 12.0%, respec­
tively. Water contents after equilibrium were 
obtained by oven drying. Resulting sorption 
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isotherms were analyzed by the B. E.T. theory 
( Brunauer et al. , 1938) to obtain specific surface 
areas. 
6. Chemical property measurem,3nts 
a. Organic matter determinetions. Oxidizable orgamc 
matter was determined ht the Walkley-Black method 
(Jackson, 1967). 
b. Total chemical analysis. Total chemical analysis 
was performed by x-ray· fluorescence using an AR L 
quantom eter (Model 7200) . 
c. Fe and Al determination. Fe and Al were extracted 
from samples ground to 100 mesh with a sodium 
dithionite-sodium citrate !;elution containing NaHCO3 
buffer (Aguilera and Jackson, 1953, and Mehra and 
Jackson, 1958). Acidified ammonium oxalate as 
.: :--·· 
originally proposed by Tamm ( 1922) and la_ter 
modified by Schwertmann ( 1964) and McKeague ar.d 
Day ( 1966) was also used. Fe extracted m both 
solutions was determined by a Perkin Elmer (Model 
303) atomic absorption spectrophotometer and Al 
colormetrically by a spectronic 20 colorimeter after 
.. :·.•. 
-,:,_. ,· 
,, 
developing a color with aluminon as described by 
.. ·..... 
·•· .. ·. 
Black ( 1965). 
3.5 
d. Surface charge measure:nent. Surface charge and 
zero poi nt of charge were measured principally 
· following the potentiometr: c methods of Parks and d~ 
Bruyn, 1962; Atkinson ~1 al., 1967; and El-Swaify 
and Sayegh, 1975. A E;eries of samples weighing 
... · .. 
· 0. 5 to 1.0 g were each f;uspended in 100 ml of 
supportin-g electrolyte solutions at three concentrations. 
These were H 20, O..Olt..J KCl, and O.lN KCI. 
Appropriate amounts of Ji HCI or N KOH were 
added to ·obtain pH values rn the range of 3. 0 - 11. 0 
in each series and kept :>vernight. All pH measure­
ments were made by a Beckman expandomatic 
(Model 76A) pH-meter. 
7. Mineralogical identification 
X-ray diffraction analysis was carried out by a Philips 
Norelco x-ray diffractometer using Cu Ka radiation and a graph­
; •,. 
ite monochrometer. Different sample preparations were followed 
for different purposes. 
a. Mineralogical identification of soils and synthesized 
minerals. Two samples consisting of clay- and silt­
sized particles from ~ach soil were saturated, one 
with N MgCl2 and the other with N KCI. Excess 
salts were washed out by repeated shaking and 
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centrifugation with distilled .water until u negative 
reaction was obtained for c1- in the supernatant 
solution with Ag NO3 . Resulting wet pastes were 
subjected to x-ray analy:::is on glass slides. Syn­
thesized minerals were directly subjected to x-ray 
analysis without any pret:-eatment . 
., .. ~ .. 
b. Mineralogical alterations ,:lue to drying. One to twc• 
g subsamples were grou.:"ld to pass a 100 mesh 
sieve. The result_ing mc:terial was placed in a 
standard bulk powder ho:·der for x-ray diffraction 
analysis. 
c. Peak intensity changes u~on Fe and Al extraction. 
Samples subjected to the above two extractants 
were washed w.ith distilled water and p.owdered as 
above for unextracted sa'.Tiples. These materials 
were placed in a standar·d bulk powder holder for 
x-ray diffraction analysis. 
·.,• 
RESULTS AND DIBCUSSION 
A. The Basis for Moisture Content Determinations 
1. Changes m water content of soils during the drying 
process 
Water losses from field-moist soils during a 46-day drying 
period in an oven at 105 ° C and in an evacuated desiccator over 
P 2o 5 at 25 °C are shown in Figure 3. The relative humidity 
( P /Po x 101)) of an atmosphere overl)'ing P 2o S in an evacuated 
desiccator .it 25°C (room _temperature) is, by definition, zero 
(O'Brien, :L 948). However, an oveu at 105 ° C ( at which 
f>/Po = 906 mm Hg) in equilibrium wi th a surrounding environ­
ment simila::" to that of an average lab::>ratory at 25 ° C ( for which 
P/Po = 0. 7.5 and consequently Po= 0. 75 x 23.8 = 17 .9 mtn Hg} 
would be at P/Po=0.0198 or 2.0% relative humidity. Accordirg 
fo this calculation, it may be expected that water loss from any 
soil m the oven would be less than over P o 5 . Figure 3 shO'\-vS2
that none of the soils follow this calculation. Rather, more wat,:!r 
loss was noted by oven drying than over P 2o5 • The magnitude 
of observed differences between the two methods was in the
.. ··· 
:}~ ~"- ··: 
order Akaka>Hilo>Kawaihae. However, these differences at a 
given time were almost identical m both Hydrandepts when com­
parison was made on a percentage basis ( approximately 7%). 
Water was lost faster under oven drying and in the order 
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Kawaihae> Hilo>Akaka. The little effect of drying method on water 
loss from Kawaihae soil indicated that this soil may be treated as 
a reference, soil . 
2. Effect of drying method on water content at equilibrium 
T .able 2 shows the moisture contEmts of soil samples from 
each drying treatment as well as from field-:-moist condition which 
were placed in the oven at 105 °C .until equilibrium. The agree­
ment betwean P o and freeze dryinH is easily explained by the
2 5 
fact that the: relative humidity m the e"acuated freeze dry chamb,~r 
is also zer,:,. Freeze drying, however, ts favored for con-
serving nat:.1ral soil structure as thero ts less chance for soil 
particles to be pulled together by surface tension of an evaporat:ng 
liquid medium as in oven or P drying cases. When conduct,3d2o 5 
properly, fc-ozen water is directly suhlimated to vapor without 
giving a chance for liquid water to be present. When oven-dried 
and P o -dried samples were placed over P o and m the2 5 2 5 
oven, exch-3.ngeably, it was noted that oven-dried soils gained 
water by 3.56%, 3.23%, and 1.59% m Akaka, Hilo, and Kawai­
hae soils, respectively. However, these soils lost water by 
8. 71%, 5. 63%, and 1. 76% after a second cycle .of oven drying. 
The reference, Kawaihae soil behaved normally in exhibiting 
complete reversibility of water loss or gain under the two condi­
tions. It is, . however, difficult to explain the higher water losses 
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Table 2. Water Contents of th,3 Soils Subjected to 
Various Drying Methods at the End of 
Drying Pe.riod (Oven Dry Basis) 
Og% 
Method 
Akaka Hilo KawaihaEi 
Original moisture 236.7 168.6 7.50 
Air drying 26.3 21.1 7.30 
Freeze drying 4.5 3.3 0.6 -
4.8 3.2 0.9P205 
Oven 0.00 0.00 0.00 
.. 
._ -;·.·· 
.. • • .4, 
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2
as a result of the second than the first drying. The hysteresis 
phenomenon could be a reason whereby the efficiency of the firs : 
drying cych! · was limited by incomplete diffusion of escaping H o 
molecules from the center to the outside of soil aggregates. In 
any case, when elevated temperature is involved during drying, 
structural v,ater losses occur above s.nd beyond the water 
present in n free or adsorbed state. Earlier, Weiser and Milli­
gan (1934) ~ elaborated on the dehydr:1tion pro~ess of synthetic 
gibbsite and presented an accurate de~1ydration isobar, plotting 
H 20/Al20 3 mole ratio against temper,3.ture. This showed a very 
steep and complete decomposition in r -3.nge 100 °C - 200 °C. In this 
temperature range, he showed that tha H 20/Al20 3 mole ratio 
changed from 3. 0 to near O. 5 indicating a maximum possible 
water loss of 44. 55% as a result of h 3ating a pure gibbsite sys­
tem. This supports the explanation tt .at loss of structural water 
can occur hy 105 ° C drying of gibbsite rich soils. Information 
presented by Jackson ( 1956) also ind cate possible losses of 
structural water from gibbsite near ·100 °C. In addition, even 
though the formation of true 11allophane 11 in Hydrandepts may not 
be favored due to their large contents of organic matter {Toka­
shiki and W~da, 1972), the presence of other amorphous consti­
tuents in both soils was confirmed. Such constituents probably 
possess a wide range of Si-0-AI structures to which silanol 
groups (OH) are attached with a vague boundary between 
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adsorbed and structural water. Such · groups are more suscep-­
tible to loss when heat is involved in the drying process. 
Similarly, it is well known that goethile and lepidocrocite, both 
common monohydrated iron oxides which are present to variable 
extents in s:>ils, including some Hydrc.ndepts · ( El-Swaify and Lim, 
1976} completely dehydrate at high temperature {above 250 °C} to 
ferric oxides (Brown, 1972). Partic.l losses of structural water 
from such minerals may be encounter·.~d during oven-drying at 
1os 0 c. 
·..... ,. 
B. Effects of Drying on Chemical and Mineralogical Properties 
1. Estimation of total mineral contents 
X-ray diffraction was the primar)· tool applied to identify the· 
mi:a,eralogicill composition of each soil. However, this alone wc.s 
not sufficier.t because of various problems arising from structure.I 
similarities between minerals, deviation from strict three 
dimensional regularity and consequently undesirable co-effects, 
practical Hendricks-Teller dilution, differential x-ray absorption, 
a wide variety of crystal size and crystal orientation effects which 
hin.der- the estimation of mineral contents qualitatively and quanti-
tatively . Therefore, total chemical analysis was also performed · 
..
...... 1( Table 3} . The effects of drying were observed by comparing 
·'~ • ' 7 
!chemical analysis courtesy of Dr. R. C. Jones. 
4J 
Table 3. Total Chemico1l Analysis (%) 
by X-ray Fluorescence 
(Oven Dried Basis) 
Akaka Hilo Kawaihae 
Components Original P205 Origin3.l P205 Original PzOs_ 
Si(?2 10.10 10.51 8.03 7.98 23.46 23.95 
AJ2o 3 21. 36 22.85 29.49 32.30 27.16 27.57 
Fe2o 3 22.77 22.35 23.57 24.32 24.90 25.19 
·MgO 0.66 0.89 0.7-5 0.73 1.24 1.47 
.. CaO 0.00 0.00 0.00 0.00 0.51 0.56 
Na o 0.14 0.13 0.27 . 0.26 0.27 . 0.382
K 0 0.36 0.38 0.22 0.20 0.3T 0.372
Ti02 4.41 4.41 4.6-3 4.70 5.52 5.75 
0.44 0.38 0~84 0.85 0.56 0.57P205 
MnO 0.12 0.11 0.27 0.23 0.28 0.29 
L.0.1. 40.87 38.03 33.05 28.01 15.69 14.57 
Total 101.23 100.04 101.19 99.58 99.96 100.64 
4.1 
\ .. 
original and ~ o 5-dried soils. As shown m Table 3, all soils,2
particularly the two Hydrandepts, exh;bit the silica deficit and 
sesquioxide enrichment which is typical of soil forming reactions 
in tropical Pegions. The higher enrichment of Typic Hydrandepts 
m sesquioxides is even more cl'ear when corrections for LOI 
(loss on ignition) are made. An increased· weight loss on igni­
tion is also noted with increasing rainiall, which means that more 
hydrated minerals are present. Dryi :1.g over P 2o 5 caused a 
decreased ,,veight loss on ignition in e 3.Ch soil with the least loss 
noted in Kawaihae soil. When compa:;"ing Tables 3 and 4, it is 
observed that the amount of water los 3 is related to the amount :>f 
amorphous materials in the soils. A~ discussed in the above 
section, this also appears to coincide with higher water loss m a 
second cycle of oven drying. 
Estimated major mineral contents of these three soils based 
on x-ray diffraction analysis and total chemical analysis are 
shown in Table 4. Mineralogical and certain physico-chemical 
properties were reported by Lai and Swindale ( 1967), Dias 
(1965), Voss (1969), Chan (1972), for Akaka and Hilo soils 
and by Gardiner ( 1967) for Kawaihae soil. Considering the 
relationship between rainfall and soil weathering, the sequential 
distribution of amorphous material in these three soils is rather 
obvious. Voss ( 1969) indicated a negative correlation between 
the contents of gibbsite and noncrystalline constituents in Hilo 
45 
Tcible 4. Estimated Content!> of Major Minerals 
.~· • • ,I • ( 5 - 20 cm Depth) 
================================ 
Minei•als Akaka Hilo Kawaihs.e 
dehydrated halloysite 45-50 
quartz 8-12 7- 8 5-10 
gibbsite 1- 5 20-25 
goethite 1- 5 15-20 
hematite 1- 5 
magnetite 1- 5 
maghemite 1- 5 
Ti02 4- 6 4- 5 
amorphous materials 75-80 60-65 20-25 
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and Akaka s o ils. The large amount of kaolin m inerals in 
Kawaihae f;oil indicates that this soil is at a rather young stage Qf 
development compared to the other two. Clina (1955) reported 
that kaolin decreased with increasing rainfall. 
The dr·ying pretreatments had little effect on the mineralogic;il 
constituents detected by x-ray diffraction analysis ( Figure 4). 
'Thus, only increases in peak intensities and a lowering of amor­
phous bands were noted in the two Hydrandepts as a result of 
drying. T:1is phenomenon is e~sily explained by both the dilution 
of samples examined in moist condition and by changes in mass 
absorption ·.Joefficients due to water pl'esence. The latter could 
be demonst."ated using attenuation coefficients based on moisture 
contents of original and dried Akaka !:;oils. By this calculation, 
the require,i soil sample thicknesses f.::>r the same inten~ity were 
0.47 mm ar.d. 0.1 mm for the original and dried ' soils, respectively. 
Effects of crying on diffractograms we:re not significantly different 
for H o -t;"eated and untreated soils, except that the amorphous2 2
bands were lower and peak intensities slightly decreased by 
hydrogen peroxide treatment. Oxidation of organic matter by 
hydrogen peroxide has been known to degrade soil · minerals 
( Douglas and Fiessinger, 1971). It was thought that the low pH 
level of the slurry during oxidation was responsible for mineral 
degradation and higher pH levels were recommended. Chan 
( 1972) reported the same amorphous material content m Hilo soil 
47 
Figure 4. X-ray diffraction putterns for 
original and pre-dried soils. 
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as in the pPesent study and observed what he reported as 
imogolite by electron microscope techr.,ique. El-Swaify and Lim 
(1976) reported the presence of fine :::rystalline goethite in the 
Hilo soil. 
X-ray analysis of synthesized hyc\rous oxides of iron showed 
that the B-FeOOH {akaganeite) which was precipitated and aged 
at pH 6. 0 •~xhi.bited only a large 11 amc,rphous 11 _ hump in the 
undried stale. After oven drying at l05°C this band was 
lowered and akaganeite peaks appearE,d. But after firing at 
550°C, all this material turned, as expected, to o-Fe o2 3 
{hematite) . The o.-FeOOH ( goethite) which was precipitated and 
aged at pH 12. 0 exhibited a large hunp as well as apparent 
goethite peaks in the undried condition, pure goethite peaks only 
after drying at 105°C, and a-Fe2o 3 (hematite) peaks after firing 
at 550 °C. 
The goal for making these two F ,~ hydrous oxides was to 
mimic for the Fe hydrous oxides in ti'. e soils of present study, 
primarily in terms of mineral particle size and next in terms of 
identity. However, it was not possible to synthesize exactly the 
same mineral constituents as those in the soils. Adding to the 
difficulties are the differences in minerals identified by different 
workers in these soils {e.g. , Chan, 1972; El-Swaify and Lim, 
1976) furthermore are very sensitive to the chemical and physical · 
conditions which favor the formation of certain minerals 
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(e.g. , G a~ tuche, 1963 · and Mackay, 1961). Notwithstanding 
these ciifficdties, two quite distinguishnble size minerals ( a gel­
·like small-~.ized hydrous oxide and much larger sized · crystalline 
mineral) w ,~re obtained successfully. This was the primary 
concern in this present study. Differences between these two 
species will be clearly shown in the 1ater sections. These two 
minerals will be referred to as Fe-hydrous oxide (A) and Fe­
hydrous oxide ( B), respectively. 
Therefore, as expected, noncrys·,alline (or fine crystalline) 
and crystalline types of hydrous iron i:>xides were obtained 
successfully by this controlled titration and aging method . .. 
On .the other hand, the precipitated and aged Al(OH) w ·as 
3 
identified . as a mixture of gibbsite ( y-Al2?3 · 3H20) and bayerite 
(a.-Al 0 ·3H20) of around 70:30 ratio. Some worker_s (e.g.,2 3 
de Boer, Fertuin, and Steggerda, 1954a, 1954b) reported the 
existence of two varieties for each of the gibbsite and bayerite 
minerals. However, further details are out of the scope in this 
study. 
2. Organic matter contents of soils 
Organic carbon as measured by the Walkley-Black method 
was converted to 12. 5%, 7. 4%, and 2. 0% organic matter of 
original Akaka, Hilo, and Kawaihae soils, respectively. The 
contents were reduced to 2. 0%, 0. 9%, and O. 2% in the 
~ ...'.;, . 
..!, , · i .; 
••. , t"' 
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rE:spective H 202-treated samples. F,.::>r the H 2o 2 treatment a 
total of 1, 5'10 ml, 1,350 ml, and 950 ml of 30% H 2o 2 were 
·required for• Akaka, Hilo, and Kawai!lae soils, respectively. 
3. Extractable aluminum and iron measurements 
Tables 5 and 6 show · the amount~; of iron ( as Fe and 
' ~ -. .. 
•. .'. , -~ . 
~ ..;. 
.\ .. 
- .. 
•, 
fered dithionite-citrate solution, and by acidified ammonium 
oxalate in c·arkness. Among the numerous methods available, 
these two methods have recently received wide use for removal 
of free or ''active" iron oxides to aid in soil dispersion, for 
enhancing -":-ray diffraction peaks of soil clays, and as pre­
treatments for differential thermal analysis and electron micro-
. 
scopic examinations. Some workers (Lundblad, 1934; 
McKeague ,:1.nd Day, 1966) have also used the contents of such 
extractable sesquioxides as for classification of soils. 
More i::-on was extracted with dithionite than with ammonium 
oxalate from Kawaihae soil. However, it is possible to detect 
significant cifferences between the Fe contents in extracts from 
Typic Hydrandepts only in the · absence of drying treatments. In 
all cases, Fe extracted from both of these soils exceeded the Fe 
extracted from Kawaihae soil. In addition, no large differences 
appeared between the vartous drying treatm ants. Similarly, and 
although many of the H o 2-treated samples gave higher2
~. .' ,• 
..... ... 
.... ·., y; 
~ ',. .-~ . 
. 
-' ,.. ·. 
Table 5. Percent Extractable Fe( Fe2o ) by Oithionite and Acidified Ammonium Oxalate Solutions3 
Wot Oven P205 Freeze 
Dithionito Oxalate Dithionite Oxnlate Dithionite Oxalate Dithionite Oxalate 
origincl 8.21(11.74) 6.53( 9,34) 
Aknka 
7.56( 10.81) --n:i( 10.94) 7.18(10.27) 8.21(11. 74) 7 .98(11.41) 7.18(10.27) 
H2o 2 treated 8.15(11.65) 8.16(11.67) 7,78(11.14) 8.46(12.10) 7.56(10.81) 8.64(12.36) 7.97(11.40) 8.60(12.30) 
H 
2 
o 2 control 7.64(10.92) 7.51(10.74) 6.74( 9.61) 7.74(11.07) 8.62(12.33) 8 .64( 12. 36) 7.58(10.84) 8.12(11.61) 
original 8. 10 ( 11. 58) 6.32( 9.04) 7.42(10.61) 
Hilo 
5.84( 8.35) 6.69( 9.57) 6.48( 9, 78) 8. 08(11. 54) 6.96( 9.95) 
H 2o 2 treated 7.62(10.90) 7.83(11.20) 6.32( 9.04) 6.19( 8.85) . 6.84( 9.78) 7.44(10.64) . 7.52(10.75) 8. 06 ( 11. SJ) 
H 20 2 control 7.29(10;42) 6.02( 8.61) 7.81UL17) 6.48( 9.27) 6.85( 9.80) 7.35(10.51) 8.64(12.36) 7. 68 ( 11. 27) 
orig:nal 3.03( 4.33) 1.20( 1.72) 
Kawaihae 
2.84( 4.06)--1-.05( 1.50) 2.65( 3.79) 1.18( 1.69) J.17( 4.53) 1.11( 1. 59) 
H 2c 2 treated 3,30( 4.72) · 1. 32( 1.89) 3.64( 5.21) 0,92( 1.32) 2,89( 4.13) 1.14( 1,63) 2.24( 3.20) 1.03( 1.47) 
H2o2 control 3.83( 5.48) 0,08( 1.14) 2. 71( 3.88) 0.99( 1.42) 2.61( 3.73) 1.15( 1.64) 3,50( 5.01) 0.83( 1.19) 
Fe hydrous 
oxide (Al 41.21(58,93) 10,00(14.30) 
Synthetic Fe Hydrous Oxides 
23.84(34.09) 10,50(15,02) 22,24( 3.20) 9, 58 (13 ; 70 ) 33.51(47,92) 11.33 (16. 20) 
Fe hydrous 
oxide (B) 16.65(23.81) 1.49( 2.13) 12.15(17.37) 1.44( 2.06) 18.27(26.13) 1.82( 2.60) 16.65(23.81) 1.40( 2.00) 
commerci~l. goethite 
(air dried) 3.72( 5.32) 0,08( 0.11) 
N 
VI 
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Tobie 6. Percent Extractable At(At203) by Dithionite and Acidified Ammonium Oxalate Solutions 
Wet Oven FreezeP205 
Dithionite Oxalate Dithionite Oxalate Dithionite Oxalate Dithionite Oxalate 
Akaka 
original 4.03 { 7. 62) 4 ... I 'T• •'T\ "' A,\v.;,v1 j.;..; \i.u7i 5.~t>i ::i.!lt,; J.73 7.05) 5.28( 9,98) 3.58 6. 77) 4.96(9.37) 
H2o 2 rreoted 4.50 (8.51) 6.30(11.91) 4.50 {8.51) 5.28( 9.98) 3. 79 7.16) 5.60(10.58) 4.50 8. 51) 5.26(9.94) 
H2o 2 control 4.35 (8.22) 5,59(10.57) 4. 58 (8.65) 5.60(10.58) 6.41 (12.11) 5.00( 9.45) 6.41 (12.11} 5.2d(9.98} 
Hilo 
original 4.05 (7.65) 3.99( 7.54) 3.36 (6.35) 3.80(7.!8) 2.66 5.03) 3.80( 7.18) 3,49 ( 6.60) 3.80(7.18) 
H2o 2 treated 3.48 (6.43) 4.37( 8.26) 2.62 (4.95) 3.43( 6.48) 2.73 5.16} 3.80( 7.18) 3.26 ( 6.18) 4.64(8.77) 
H2o2 control 3.70 (6.99) J.78( 7.14) J.12 (5.90) 4. 32( 8.16) 2.70 5.10) J,80( 7.18) 3.99 ( 7.54) 4.64(8:77) 
Kownihae 
original 0.36 (0.68) 0.50( 0.95) 0.37 (0.70) 0.56( 1.06} 0.37 0.19) 0.58( 1.10) 0.31 0.59) 0.60(1.13 ) 
H202 treated 0.30 (0.57) 0.59( 1.12) 0.30 (0.57) 0,58( 1.10 l 0.34 ( 0.64) 0.48( 0.91) 0.32 0.60) 0.50(0.95) 
H~02 control 0.37 (0.70) 0.63( 1.19) 0.34 (0.64) 0.51( 0.96) 0.36 0.68) 0, 48 ( 0. 91) . 0,27 0,51) 0.44(0.83) 
5:rnthetic Cibbsi!e/Bayerite 
original 0.068(0.13) 4.60( 8.69) 0.068(0.13) 3.42( 6.46} 0.068( 0.13) 4.24( 8.01} 0.068( 0.13) 3,93(7.43) 
U'\ 
w 
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extractable Fe (probably due to released chelated Fe from 
oxidized organic matter), only minor differences were noted 
between hydrogen peroxide treated and untreated samples. For· 
synthetic minerals, dithionite extracted more Fe than did ammo­
nium oxalate emphasizing the more selective .nature of the latter. 
Much more Fe was extracted from Fe hydrous oxide (A) than 
from Fe hydrous oxide (B), as expected. · However, the ratio 
Fe (dithion ite) :Fe (oxalate} was much larger in Fe hydrous 
oxide ( B ) • Differences between Fe extracted from samples sub­
ject to vari,,us drying _treatments wer£, more pronounced in Fe 
hydrous o£de (A}, particularly in dithionite. This confirmed the 
selective nc.ture of the oxalate solution whereas the dithionite 
appeared tc dissolve Fe tn direct pro;:>ortion to the extent of 
exposed su:~face. 
For extracted aluminum, Table 6 shows that oxalate extracts 
always had higher Al than dithionite in all soils and in. synthesized 
AI hydroxide. The difference between two ~xtracts was most 
notable in the Al hydroxide. The totc,l amount extracted was 
similar in the two Typic Hydrandepts but was higher for both· 
than for the Kawaihae soils. As with Fe, no differences were 
observed between drying treatments or due to hydrogen peroxide · 
treatment. 
McKeague and Day ( 1966) reported that both extractable Fe 
and Al values were useful in studies of soil genesis 
~ . .. 
' ' 
·.: .... 
... • "l, 
I.•.• 
.;: . \ ~ . ... 
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and classifi ::ation. The oxalate value!; gave an approximation of 
degree of €.ccumulation of amorphous products of recent weather­
ing and the dithionite Fe values approximated the combined con­
tents of am•)rphous Fe and of crystalline Fe oxides. Results m 
Table 5 agree with those of McKeague and Day ( 1966) when 
considering the contents of amorphous constituents in these soils 
( Table 4), and when comparing the two synthesized iron hydrous 
oxides. ln:erestingly, the iron extracted from Fe hydrous oxide 
(B) were :tbout the same as those of McKeague and Day ( 1966) 
with as slis!ht difference for the oxalate extract. Results of Blume 
and Schwertmann (1969), Pawluk (1972), and Schwertmann 
(1973) alsc, . agreed with the data pre:;ented here. Accordingly, 
it may be c:oncluded that the absence of strong differences 
between the! contents of extracts from . samples subjected . to various 
drying trea:ments and H o treated and untreated soils, that non,~
2 2 
of those tre:atments resulted in significant alteration of crystallinit:1. 
Similar ob~:ervations and conclusions may be made for extractacle 
Al in both extractants ( Table 6), except that the oxalate appear,~d 
to be a stronger and more effective extractant for amorphous 
for.ms Al than dithionite (McKeague and Day, 1966). 
4. Changes in x-ray diffraction patterns due to Al and Fe 
extraction 
Many extractants and methods have been suggested to remove 
•' :,.' . . . . .~ .. 
,·. ' 
S6 
free Fe and Al for improvement of x-ray diffraction peaks that 
are otherwise difficult or impossible ti:> detect. Among these, 
solutions o ~ sodium dithionite (Jacksor1, 1956), ammonium oxalate 
(Schwertmann, 1964), and calcium c:hloride {Tweneboah, 1967) 
have been given recent emphasis. Figures S and 6 show the 
effects of cxalate and dithionite extramant treatments on x--ray dif­
fraction pa1terns of soils and synthesi.zed minerals. These soil:; 
show that both extractions generally enhanced peak intensities 
equally, with occasionally more. enhar .cement with dithionite 
extraction. This occurred regardles.3 of hydrogen peroxide pro-
treatment. However, the two synthe::ic hydrous oxides of iron 
exhibited no significant changes due tc either extraction. On th~! 
other hand ,, peak intensities for the aluminum hydroxide system 
were much more enhanced by oxalate extraction than by dithionite 
extraction. 
Pawlul: (1972) reported increased x-ray diffraction peak 
intensities c,f soils but decreased inter.sities when extraction was 
further continued with either extractant. ihe early enhancement 
due to both extractions are easily explained by the removal of 
particle coatings which are generally thick and presumed to be 
amorphous material in nature (Jones and Uehara, 1973). Once 
such coatings are removed, further extractions may result in 
attacking the particles themselves, thus causing their degradation. 
This second stage may not be easily reached for soils with very 
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Figure 5. X-1•ay diffraction patterns for soils before and after 
extracti :>n with oxalate and dithionite extraction. 
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Figure 6. X-ray diffraction patterns for re and Al hydroxides 
before and after extraction wi·:h oxalate 
and dithionite extractants. 
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large contents of amorphous materials. Judging from .Fe extract-
ability in d iil1.ionite of o v .:::n dried Fe h:1drous oxide (A) ( 23. 8%) 1 
chances ar1? slim that a ll amorphous Fe (OH) was removed fro:n 
. 3 
this system completely. Schwertmann speculated that such may 
be the case for the highly weathered :soils iri tropics with appre-· 
ciable amounts of amorphous iron oxic'.es. He gave the example 
of Segalen et al. ( 1971) who used a much stronger extractant 
( 8N-HCl) to measure this fraction. 
5. Charge characteristics 
Surfac4? charge characteristics of the soils and synthesized 
minerals w ,~re measured in H 2o and at two different concen­
trations of indifferent electrolyte ( K Cl) solutions by the potentio­
metric method ( El-Swaify and Sayegh, 1975). Figures 7 
through 12 show net adsorption densities of H+ and OH- (meq/~d 
as a function of pH as obtained for nc·ntreated (original or non­
dried) soils and synthesized minerals. These curves are 
considered as a measure of net charsres associated with soils OP 
minerals with the intersection point as the zero point of charge 
( Z. P. C.). Using exactly the same procedure, the effects of 
hydrogen peroxide, and of various drying treatments were com- . 
pared, respectively (Table 7). 
Table 8 shows Z . P. C. values for each system. Considering 
the mineralogical composition of these soils ( Table 4), these 
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Figure 7. Net charge curves for Akaka soil . 
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Figure 8. Net charge curves for Hilo soil. 
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Table 7 ~ Dependence of Net Charge (meq/g) in Different Electrolyte Concentrations 
at Selected pH Values (Potentiometric Method) 
Wet Oven P205 Freeze 
pH 
H20 
O.OlN 
KCl 
0.1N 
KCl H20 
0.01N 
KCl 
0.1N 
KCl H20 
·o.61N 
KCl 
O. lN 
KCI H20 
O.OlN 
KCl 
0.1N 
KCl 
Akaka 
·3. S 
5.0 
7.0 
8.0 
9.5 
+0.27 
+0.01 
-0.14 
-0.25 
-0.63 
+0.36 
+0.03 
-0.20 
-0.37 
-0.85 
+0.70 
+0.05 
-0.26 
-0.51 
-1.11 
+0.05 
+0.01 
-0.04 
-0.06 
-0.08 
Original (untreated) 
+0.14 +0.38 +0.06 
+0.02 +0.05 +O. 01 
-0.05 -0.06 -0.01 
-0.08 -0.10 -0.02 
-0 .16 -0.40 -0. 05. 
+0.18 
. +0.04 
-0.05 
-0.08 
-0.22 
+0.37 
+0.06 
-0.08 
-0.11 
-0.50 
+0.18 
·+0.02 
-0.11 
-0.27 
-0.55 
+0.49 
+0.04 
-0.17 
-0.43 
-0.80 
+0.76 
+0.08 
-0.26 
-0.51 
-1.04 
3.5 
5.0 
7.0 
8.0 
9.5 
+0.70 
+0.-04 
-0.14 
-0.32 
-1.02 
+0.86 
+0.08 
-0 .16 
-0.44 
-1.12 
+1.33 
+0.08 
-0.22 
-0.52 
-1.44 
+0.14 
+0.05 
-0.03 
-0.13 
-0.39 
H2o?. treated 
+0.70 +1.10 +0.20 
+0.06 .+0.10 +0.04 
-0.08 -0.10 -0.05 
-0.47 -0.41 -0.15 
-1,02 -1.11 -0.43 
+0.61 
+0.08 
-0.07 
-0.36 
·-1. 06 
+1.00 
+0.13 
-0. 21 . 
-0.54 
-1.16 
+0.88 
+0.02 
-0.25 
-0.45 
-0.94 
+0.92 
+0.06 
-0.28 
-0.62 
-1.25 
+1.03 
+0.08 
-0.34 
-0.68 
-1.43 
.. 
3.5 
5.0 
7.0 
8.0 
9.5 
+0.35 
+0.01 
-0.13 
-0.29 
-0.74 
+0.67 
+0.01 
-0.27 
-0.48 
-1.04 
+0.85 
+0.02 
-0.38 
-0.66 
-1.25 
·-
+0.32 
+0.10 
-0.001 
-0.02 
-0.15 
- -
H2o 2 control 
+0.55 +0.75 +0.22 
+0."12 +0.17 +0.01 
-0.02 -0.05 ~0.03 
-0.15' -0.38 -0.04 
-0.58 -1.12 -0.11 
+0.34 
+0.02 
-0~11 
-0.18 
-0.42 
+0.98 
+0.03 
-0.22 
-0.40 
-1.04 
+0.30 
+0.01 
-0 .16 
-0.29 
-0.74 
+0."66 +o. 94 
+0.015 +0.02 
-0.27 -0.38 
-0.48 -0.66 
-1.04 -1. 24· 
°' o::i 
.. 
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Table 7 (Continued). Dependence of Net Charge (meq/g) in Different 
Electrolyte Concentrations at Selected pH Values (Potentiometric Method) 
Wet 
pH 0.01N 0.1N 0.01N 0.1N 0.01N O.lN 0.01N O.lN 
H 0 KCI KCI KCI KCI H 20 KCI KCI H 20 KCl KCI2
Hilo 
Original (untreated) 
3.5 +0.33 +0.52 +0.71 +0.15 +0.32 +0.50 +0.10 +0.25 +0.45 +0.43 +0.38 +0.72 
5.0 +0.11 +0.18 +0.21 +0.01 +0.04 +0.11 ' +0.01 +0.03 +0.08 +0.08 +0.10 +0.22 
7.0 -0.05 -0.08 -0.11 -0.01 -0.02 -0.04 -0.01 ":'0.02 -0.06 -0.07 -0.12 -0.15 
8.0 -0 .15 -0.22 -0.31 -0.05 -0.07 -0.12 -0.02 -0.09 -0.18 -0.16 -0.30 -0.33 
9.5 -0.39 -0.52 -0.69 -0 .10 -0.15 -0.51 -0.04 -0.20 -0.54 -0.43 -0.58 -0.66 
H202 treated 
3.5 +0.14 +0.65 +0.68 +0.18 +0.48 , +0.55 +0.18 +0.49 +0.66 +0.26 +0.77 +0.84 
5.0 +0.08 +0.19 +0.10 +0.03 +0.06 +0.11 +0.02 +0.05 +0.08 +0.03 +0.06 +0.08 
7.0 -0.08 -0.11 -0.20 -0.05 -0.13 -0.18 -0.03 +0.07 +0.16 -0.05 -0.10 -0.15 
8.0 -0.20 -0.27 -0.35 -0.15 ~0.33 -0.44 -0.14 -0.29 -0.45 -0.32 -0.40 -0.50 
9.5 -0.55 -0.64 -1.17 -0.31 -0.78 -0.94 -0.31 -0.72 -0.83 -0.73 -0.84 -0.97 
H 2o 2 control 
3.5 +0.36 +0.61 +0.75 +0.23 +0.56 +0.64 +0.14 +0.29 +0.58 +0.26 +0.71 +0.79 
5.0 +0.07 +0.19 +0.14 +0.04 +0.06 +0.11 +0.01 +0.02 +0.05 +0.03 +0.05 +0.08 
7.0 -0.08 -0.14 -0.14 -0.02 -0.12 -0.14 -0.02 -0 .10 -0.17 -0.09 -0.21 -0.25 
8.0 
9.5 
-0.25 
-0~59 
-0.23 
-0.65 
-0.38
. ... ... 
-J..~O 
-0.08 
"' ....
-V.J.O 
-0.24 
-0,42 
-0.34 
-0.oO 
-0.06 
-u.~~ 
-0 .18 
-0.36 
-0.30 
-0.69 
-0.24 
-G.52 
-0.33 
-0.79. 
-0.36 
-0.9i 
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Table 7 (Continued). Dependence of Net Charge (meq/g) in Different 
Electrolyte Concentrations at Selected pH Values (Potentiometric Method) 
Wet Oven P205 Freeze 
pH 0.01N 0.1N 0.01N 0. lN O.OlN O. lN 0.01N 0.1N 
H20 KCl KCl H20 KCl · KCl H20 KCl KCl H20 KC! KCl 
Kawaihae 
·3.5 
5.0 
7.0 
8.0 
9.5 
+0.14 
-0.02 
-0.06 
-0.10 
-0.21 
+0.16 
-0.02 
-0.08 
-0.12 
-0.26 
+0.17 
-0.02 
-0.11 
-0 . .19 
-0.34 
+0.03 
-0.02 
-0.04 
-0.07 
-0 .17 
Original (untreated) 
+0.04 ' +0.06 +0.04 
-0.02 -0.02 -0.02 
-0.05 -0.08 -0.03 
-0.08 -0.13 -0.06 
-0.15 -0.25 -0.20 
+0.05 
-0.02 
-0.06 
-0.09 
-0.21 
+0.06 
,...0.03 
-0.09 
-0.14 
-0.26 
+0.06 
..:.0.02 
-0.04 
-0.11 
-0.20 
+0.07 
-0.02 
-0.09 
-0.13 
-0.27 
+0.09 
-0.03 
-0.10 
-0.17 
-0.34 
3.5 
5.0 
7.0 
8.0 
9.5 
+0.24 
-0 ,·03 
-0.05 
-0.08 
-0.15 
+O. 26 
-0.04 
-0.07 
-0.09 
-0.25 
+0.35 
-0.05 
-0 .12 
-0.13 
-0.30 
+0.12 
-0.01 
-0.04 
-0.06 
-0.12 
H2o 2 treated 
+0.17 +0.23 +0.18 
-0.03 .:.0.04 -0.01 
-0.05 -0.08 -0.02 
-0.07 -0.10 -0.06 
-0.23 -0.28 -0.24 
+0.24 
-0.02 
-0.04 
. -0. 08 
-0.28 
+0.34 
-0.03 
-0.08 
-0.11 
-0.28 
+0.13 
-0.01 
.-0. 02 
-0.04 
-0.15 
+0.24 
-0.01 
-0.04 
-0.06 
-0.21 
+0.27 
-0.02 
-0.08 
-0.12 
-0.25 
3.5 
5.0 
7.0 
8.0 
9.5 
+0.20 
-0.03 
-0.04 
-0.07 
-0.18 
+0.23 
-0.05 
-0.06 
-0.08 
-0.24 
+0.38 
-0.06 
-0.12 
-0.14 
-0.28 
+0.15 
-0.04 
-0.05 
-0.08 
-0.11 
H2o 2 control 
+0.18 +0.27 +0.20 
-0.05 -0.06 -0.04 
-0.06 -0.08 -0.06 
-0.08 ·-0.09 -0.08 
-0.21 -0.27' -0.10 
+0.26 
-0.05 
·-0.01 
-0.09 
-0.18 
+0.32 
-0.06 
-0.08 
-0.10 
-0.22 
+0.21 
-0.04 
-0.05 
-0 .10 
-0.14 
+0.22 
-0.06 
-0.08 
-0 .17 
-0.23 
-0.26 
-0.07 
~0.10 
-0.16 
-0.30 
-.J 
0 
: 
Table 7 (Continued) • Dependence of Net Cha?"ge (meq/g) in Different 
Electrolyte Concentrations at Selected pH Values (Potentiometric Method) 
Wet Oven FreezeP205 
- ---~-·.,......, -~-- k-.._~ .·-- -,---~- __..,, __ k·---
pH 0.01N 0.1N 0.01N 0.1N O.OlN 0.1N 0.01N 0.1N 
H20 KCl KC! H 20 KCI KCI H 20 KCI KCl H20 KCI KCI 
Synthesized Minerals 
Fe hydrous oxide (A) 
3.5 +1.18 +1.44 +1.56 +0.54 +0.80 +1.00 +a.so +0.86 +1.01 +0.85 +0.95 +1.35 
5.0 +0.66 +0.88 +1.07 +0.36 +0.60 +0.78 +O. 32 +0.58 +0.74 +o.42 +0.70 +0.82 
7.0 +0.26 +0.35 +0.45 +0.21 +O. 27' +0.38 +0.20 +0.33 +o.42 +0.14 +0.32 +0.46 
8.0 +0.10 +0.16 +0.20 +0.08 +0.14 +0.18 +0.09 +0.15 +0.16 +0.05 +O .13 +O .18 
9.5 -0.21 -0. 36 -0.50 -0.04 -0.09 -0.11 -0 .12 -0.03 -0.12 -0.09 -0 .12 -0. 30 · 
F P. hvclro11~ ovi~P. ( R) 
3.5 +0.27 +0.34 +0.45 +0.21 -0.28 -0.36 +0.15 +o.2b +0.35 +0.28 +0.33 +0.46 
5.0 +0.14 +0.18 +0.29 +0.15 +0.20 +0.26 +0.08 +0.17 +0.30 +0.09 +0.13 +0.25 
7.0 +0.06 +0.08 +0.11 · +0.04 +0.08 +0.12 +0.04 +0.05 +0.11 +0.03 +0.04 +0.11 
8.0 +0.01 +0.02 +0.03 +0.02 +0.03 +0.04 +0.03 +0.04 +0.03 +0.01 +0.02 +0.04 
9.5 -0.04 -0.16 -0.50 -0.03 -0·. 09 -0.28 -0.02 -0.05 -0.39 -0.03 -0 .16 -0.38 
Synthesized gibbsite/bayerite 
3.5 +0.34 +0.70 +0.91 +0.15 +0.21 +0.40 +0.21 +0.28 +0.45 +0.28 +0.38 +0.87 
5.0 +0.02 +0.04 +0.09 +0.01 +0.05 +0.07 +0.02 +0.04 +0.08 +0.05 +0.06 +0.10 
7.0 -0.12 -0.30 -0.38 -O·. 08 -0.22 -0.26 -0 .10 -0.27 -0.24 -0.14 -0.19 +0.28 
8.0 -0.20 -0.51 -0.58 -0.17 -0.31 -0.40 -0.18 -0.44 -0.36 -0.18 -0.38 -0.50 
9.5 -0.40 -0.66 -0.88 -0.28 -0.48 -0.63 -0.31 -0.51 -0. 60 -0.25 -0.59 -0.81 
....J 
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Table 8. Zero Points of Charge { Z .P.C.) 
for Soils and Synthe:ic Minerals 
Soils · 
Akaka 5.0-5.S 
Hilo 6.5-7.0 
Kawaihae 4.5-5.0 
Synthesized Minerals 
Fe hydrous oxide (A) 8.0-8.S 
Fe hydrous oxide (B) 8.0-8.S 
gibbsite/bayerite 5.5-6.0 
--
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values a re slightly lower than expected especially for Typic 
Hydrandept:; . 
El-Sw;\ify (1976) quoted Z.P.C. values between 3.5-5.0, 
6. 6-8. 7, above 7. 7, 6. 2, and arounc'. 8. 0 for kaolin, crystallinE? 
iron oxides, crystalline aluminum hydroxides, amorphous silicates, 
·and amorphous-like iron hydrous oxid.as, respectively, citing 
Parks (19€-5, 1967}, Atkinson (1967), Breewsma and Lyklema 
(1973}, and Limura (1961). Similar· Z.P.C. values for the 
two Typic Hydrandepts {Figures 7 ar•.d 8) were reported by El­
Swaify and Sayegh (1975) and by Tc.ma (1975) · for Akaka and 
Hilo, respectively. It is interesting tc, note that neither drying 
nor hydrog,~n peroxide treatments m bis study affected the 
Z.P. C. values. An examination of t'.1.e magnitudes of net 
charges (p,,sitive and negati~e) for th~ soils and synthesized 
minerals showed both to be increased by increasing electrolyte 
concentraticn. Higher dependence of net charges on concentra­
tion are nol ed for Typic Hydrandepts and Fe hydrous oxide (A :i 
than for Ka.waihae and Fe hydrous oxide (B}, respectively. A ..c• 
explained by El-Swaify and Sayegh (1975), this is due to -differ­
ences in potential sites available for acquiring charges over an 
extended surface area ( Table 10). Again, there were no signif­
icant changes m charge characteristics due to peroxidation. 
However, various drying treatments altered net charges tre-
mendously. 
. 
Tweneboah ( 1967) as well as Deshpande et al. 
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(1964), reported that norm al peroxidation of the soil which had 
7.4% organic carbon anc. po sitive charge of 1.85 meq/lOOg at pH 
3.0, reduced the latter b y only 0.04 meq/lOOg, whereas, 
peroxidation at alkaline condition incre,:1.sed positive charge to 
about 4. 5 times the original values. ..Cwo reasons were proposE:d 
for positive charge decrease in some soils upon normal peroxi-
dation: ( 1) that some positive charge: sites are removed by 
dissolution of aluminum and iron due t,:, oxalates formation during 
oxidation ( Farmer and Mitchell, · 1963), or ( 2) that positive site~; 
may react 'Nith oxalates produced dur:ng oxidation to form insol­
uble complexes ( Farmer and Mitchell, 1963, and Oades and 
Townsend, 1963). But at high pH, -:>ositive charges are sup­
pressed and the sites are not capable of complexing oxalates. 
Table '7 presents net charge valu as for various drying 
treatments ,:1.t selected pH values. It '. s clearly evident that net 
charges ( p,,sitive and negative) at all pH values were decreased 
by any of t~1e drying treatments. This decrease was generally 
in the order: oven drying>P 0 dry:ng>freeze drying. Little2 5 
change was noted in Kawaihae soil, Fe hydrous oxide ( B), and 
in gibbsite/bayerite. 
In other words, soils in wet areas ( which· had not been 
subjected to natural drying cycles) were most prominently affected 
by drying than soils in dry areas. Also, the soils containing 
amorphous like minerals and amorphous like mineral were more 
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affected by drying . 
Kanehiro and Gherman (1956) reported significant C.E.C. 
·reductions ( 7 4. 7%) due to dehydration induced by sun'-drying for 
100 days and in an oven at 105 ° C for· 7 days for Typic Hydran­
depts and ~.ome other soils. For soils fr_om dry and moderate}~, 
wet areas, C. E. C. increased signific:antly upon rehydration. 
Such was not the case for soils from wet areas. Net charge 
alteration upon drying observed in thiH study could be considered 
as a direct reason for these apparent decreases in C . E . C. by 
dehydration. The information in Figu':"es 7-9 and Table 7 show 
that such a lterations are not confined :o pH 7 as 1s the case for 
C.E.C. vslues. 
C. Obser"Vation of Physical PropertiEis • 
1. Particle size analysis 
To det,?rmine conditions favoring •:>ptimum dispersion for 
particle s1z,3 distribution analysis, some preliminary experiments 
were conducted. Figure 13 shows effectiveness of different 
shaking periods in inducing dispersion. It is noted that the rate 
of clay release changes more rapidly during the initial 20 minutes 
than after. However, the two P o dried Typic Hydrandepts2 5 
still .underwent significant increases in clay release by shaking 
fo·r longer periods of time . For convenience, however, the 20 
minute shaking period was chosen for this particular experiment. 
!' 
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Figure. 13. Effects of shaking time on uggregate breakdown 
for natural und dried soils. 
77 
,·' 
. - ·~ 
, •• .3· 
' ; 
To further re fin e the method, a determ.ination was made of the 
effective wder content for dispersion. Figure 14 shows that 
maximum d ,spersion was achieved at :;oil :water ratios of 1 :4, 
1: 6, and 1: 8 for original Kawaihae, Yilo, and Akaka soils, 
respectively. This result coincided "-'\ell with respective surface 
·areas of th~ soils ( Table 10) . To ex.plain this observation, it is 
important tc- note that maximum <lisper sion is favored both by the 
physical br,~akdown and subsequent re:lease of constituent particles 
during the :;haking process and . also by the need to achieve a 
critical inte rparticle distance for maint :1.ining colloidal stability. 
Therefore, the interaggregate frictionc.l forces and water film 
thickness a ~ound particles would be e >epected to play primary 
roles for c .ay release. At low water- content, water film thick­
ness would be insufficient to. provide interparticle separation com­
pletely even though frictional force may be large enough to breal: 
down soil c.ggregates. At high water content, there is probably 
insufficient :riction between aggregates to cause effective mutual 
breakdown. It is also expected that the optimum soil :water ratio 
would be affected by the speed of shaking, type of shaking, and 
volume of container. Figures 15 and 16 show particle size 
changes upon drying using a shaking period of 20 minutes and 
soil: water ratios of 1 :4 for Kawaihae and dried soils, 1: 6 for 
undried Hilo, and 1: 8 for undried Akaka and synthetic minerals. 
It 1s noted that except for the Kawaihae soil, a significant 
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decrease in released <2 µm particles ·:>ccurs due to any drying 
treatment. Conversely, more particks >53 µ m in size were 
detected in dried samples. It is important to note that release of 
<2µ m parti ::Jes is a better indication of dispersion effectiveness 
than is the content of >53 µm particles since much of the latter 
could be a true sand fraction. For drying effects, it is clear 
that most o :: the initial <2 µ m particles were agglomerated by 
drying in >53µ m sized ones. Drying treatments affected th is 
change in t::1e order: oven dry?P 0 dry>freeze dry. H o2 5 2 2 
treatment st;>mewhat reduced the drastic effects of drying indicatiug 
that the cer.1enting role of organic mat ter is important for enhanc­
ing interpar tide bonding. This is onEi indication that drying effects 
on the behs.vior of Typic Hydrandepts are more physical than 
mineralogic 3.I in nature. The additional cementing role of very 
fine constih:.ents 1s noted from comparing drying effects on Fe 
hydrous oxide (A) and Fe hydrous oxide (B) (Figure 16). The 
first is mor·e significantly affected by drying than the second as 
far as reJe.:1.se of < 2µ m particles is concerned. This supports 
the hypothesis that physical cementation is responsible for inter­
particle bonding upon drying. The more significant effects of 
drying on Akaka than Hilo soil would indicate that the first has 
more effecting cementing organic or inorganic agents than does 
the second. 
••• 
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2. We.ter retention measurement 
As all the previous results ( net c:hange and particle size 
distribution), dehydration treatments altered water retention 
capacity tremendously for all except the Kawaihae soil ( Table 9 ., • 
Typic Hydrandepts and Fe hydrous oxide (A) were more 
affected tha~-i Fe hydrous oxide ( B). The effects of dehydration 
and of hydrogen peroxide treatment a9ree exactly with previous 
observation,:; on net charge and particle size distribution. How­
ever, the effect of hydrogen peroxide treatment was better 
manifested here, even in Kawaihae sc1il which has only 2. 0% 
organic marter. Also, the effect of fI'eeze drying was cls,ser to 
the effects of other drying treatments here as compared with · 
previous ol:servations, although the or·der of treatments is not 
changed. The hydrogen peroxide treatment effects may be 
explained b~, the fact that orgamc matter has a dual effect on 
water retention, i.e • . , by holding its c,wn molecular water groups 
as. well as changing the water holding matrix of soil. The latte!' 
effects both the swelling and capillary mechanisms, particularly 
the first, ot water retention {EI-Swaify and Lim, 1976, and 
Tsuji, Watanabe, and Sakai, 19 75). Constituents released by 
organic matter decomposition may also have an effect on water 
retention. Therefore, even though freez~ drying was somewhat 
distinguishable from other drying treatments, the loss of swelling 
capacity by any drying history overwhelmed the noted effects. 1 
,·. 
Table 9. Water Retention (g/g) at 10 and 50 cm Tensions 
Wet Freeze P205 Oven 
10cm 50cm 10cm 50cm 10cm 50cm 10cm 50cm 
Akaka Soil 
untreated 1.088 0.912 0.509 0.488 0.489 0.410 0.374 0.316 
H2o2 treated 1.163 1.140 0.396 0.321 0.368 0.331 0.322 0.302 
H20 2 control 1. 357 1.295 0.467 0.444 0.397 0.378 0.335 0.318 
Hilo Soil 
untreated 1.016 0.898 0.393 0.393 0.391 0.314 0.334 0.327 
H2o 2 · treated 1.233 1.230 0.362 0.351 0.334 0.330 0.338 0.309 
H202 control 1.342 1.325 0.404 0.373 0.365 0.349 0.312 0.290 
Kawaihae Soil 
untreated 0.273 0.258 0.334 0.289 0.306 0.304 0.286 0.283 
H2o 2 treated 0.266 0.238 0.291 0.278 0.310 · 0. 279 0.280 0.270 
H2o 2 control 0. 338 · 0.286 0.307 0.285 0.300 0.287 0.276 0. 262 
Srnthesized Fe hydrous oxides 
Fe-hydrous oxide (A) 5.029 4.981 0.474 0.468 0.434 0.431 0.445 0.434 
Fe-hydrous oxide ( B) 2.355 2.345 0.792 0.723 0.814 0.638 0.712 0.641 
(X> 
(.,./ 
......... ,:,.. . 
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Table 9 (Continued). Water Retention -(g/g) at 10 and SO cm ·Tensions 
Wet Freeze OvenP205 
10~m 50cm 10cm 50cm 10cm 50cm 10c!:l 50cm 
commercial goethite 
( air dried) 0.0908 0.0847 
Gibbsite/bayerite 
Sx:nthesized Al-hydroxide 
0.743 0.743 0.755 0.670 0.771 0.649 0.433 0.355 
es 
Furthermo1•e, the well known hysteresis which occurs in pore 
. ., .~· 
spaces of dried soils entrapping air (Baver, 1956) has possibly. 
influenced ,Nater retention by the soils subjected to drying. Thi 3 
problem was minimized by starting th1? retention experiments frorn 
· the wet end in every instance. 
Tsuji !:!. al. (1975) mentioned that Akaka soil shrank in 
volume by as much as 50% by changing from saturation to a 
suction of :mo cm. El-Swaify and Lim ( 1976) indicated that 
shrinkage limit for Hilo soil is 45-50~ and estimated a mean par­
ticle separHtion of 45A. at that moisture content based on the 
') 
measured !;urface area of 150-200 m'"/g. It is also clearly not3d 
that a differ•ence existed between the control treatment used as c. 
basis for H 2o 2 effects and the untreated ~original) soil. The 
strong puddling employed during the stirring of the first caused .;1 
more effective dispersion of aggregates. 
3. Si:,ecific surface measurements 
Surface areas were obtained by applying the B. E.T. equa·­
tion to water vapor adsorption isotherms constructed at various 
relative humidities. 
Table 10 shows that Typic Hydrandepts, by virtue of strong 
aggregation upon drying caused by their large contents of 
cementing agents, underwent drastic decrease in surface area. 
Likewise, Fe hydrous oxide (A) exhibited as larger surface 
86 
Table 10. Specific Surface (m2/g) by H 20 Vapor Adsorption 
Treatments Wet Oven Freeze ·P205 
Akaka 
original 289 141 166 168 
H202 treatment 239 127 130 134 
Hz02 contr•ol 272 124 161 171 
Hilo 
original 268 139 146 149 
Hz02 treatment 223 118 129 131 
Hz02 contt·ol 260 122 136 143 
Kawaihae 
original 93 87 94 98 
Hz02 treatment 86 86 83 88 
H202 cont1•ol 86 84 85 87 
Fe h}:drous o;cides 
Fe hydrou~; oxide (A) 298 239 263 285 
Fe hydrous oxide ( B) 38 40 41 40 
commercial goethite 
( air dried) 3 
Al hydroxides 
Gibbsite/bayerite 38 36 35 38 
. ' ' f 
" .....
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area reduction upon drying than both Fe hydrous oxide ( B) and 
AI hydroxic:e minerals. However, changes in the two Typic 
Hydrandepts were more drastic than in the Fe hydrous oxide 
(A) , reflec.ting organic matter contribution. Removal of organic 
matter resdted in less relative reduction m surface area due to 
drying. E !-Swaify and Emerson ( 19 75) precipitated Fe- and 
Al-hydroxi2es alone and in the presence of various clay minerals 
systems using the same precipitation nethods of this study. They 
found that Fe-hydroxides precipitated in presence of clay minerals 
consisted ol particles about 40A in dic::meter and generally x-ray 
amorphous rather than the acicular gc,ethite crystals that precipi -­
tated in the absence of clays. This neans that the goethite 
synthesized m this way could have sut"face area between 238. 3 
m
2/g {assuming cylinder shape) and 350.5 m 2/g (a·ssuming 
3
spherical piirticles) when goethite par·:icle density of 4. 28 g/cm 
is assumed. The authors also showE·d that the B. E.T. N 
2 
surface areas of precipitated goethite :md bayerite were 259 and 
2 . 
57 m / g, respectively. But El-Swaify and Lim ( 1976) observed, 
by electron-microscopic examination, that Fe constituents in 
surface Hilo soil appeared as needles made of beads which are 
spherical in form. For P and freeze dried Hilo soil, they2o 5 
2
calculated B.E.T. surface areas of around 150 m /g by water 
vapor adsorption. Based on the water adsorption data of Wads­
worth (1944); Ouirk (1955) reported a surface area of 
~:. . 
.·• . .-~·.... , ' 
.. . 
~-·.. ,•. ;: "., . 
~- ..• ~ ..• !_, ~ 
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165 m 2/ g for an unidentified soil from tl-:.e Hilo coast. 
In a·ddition to the organic matter contribution discussed above, 
the larger reduction due to drying in Hilo and Akaka soil surface 
area than in Fe hydrous oxide (A) may be due to differences in 
particle confi9urations. In the pure Fe hydrous oxides particles 
are expected to be of more uniform siz-3 and shape and subse­
quently wouk hav~ a relatively small chance of producing a tightly 
packed syste:n upon drying. On the other hand, the soils are 
made up of particles of many shapes and sizes ( Lai and Swin­
dale, 1967; Chan, 1972; and EI-Swai:y and Lim, 1976) which, 
due to overl.1ps and mutual incorporatic,n, allow more intimate 
contacts upo::i drying. 
4. Colloidal stability m e~surem en1 
Figures 17-22 show the relationship between extractable clay 
and pH for the soils before and after P 2o 5 drying. Only the 
Hilo soil exhibits a symmetrical diagram with a pivot at the 
Z.P.C. \Aihen not subjected to drying, the Akaka soil ts slightl f 
dispersed below the Z. P. C. but, as is the case for the 
Kawaihae soil, the most effective stability range lies above the 
Z .P .C. P o drying does not change the shape of the colloidal2 5 
stability but there is some reduction in clay stability for both the 
Akaka and Hilo soils. On the other hand, appropriate pH 
adjustment helped effective breakdown of aggregates formed by 
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the drying treatment. For the Hilo soil, lowering the pH was 
more effective for restoring original rr\echanical composition . 
.However, :('aising the pH is · the better alternative for Akaka and 
Kawaihae soils. These results are predictable primarily from 
Z .P. C. 1s of the soils ( Table 8) and from magnitudes of net 
charge obs,~rved for the various treatments ( Table 7). An analy-
sis of variation in interparticle attracti,::ms and repulsions near the 
Z.P. C. w ,:1s given by El-Swaify ( 19 76) . It may be pointed ou t 
that there i.3 some discrepancy betweE:n predicted and observed 
stabilities. Recall equation ( 7) and the following equation: 
a= - ~~(o.OS9(pH--Z.P.c.i) . (12) 
in which all terms were previously ddined. The first equation 
(7) shows that surface charge (er either positive or ne$ative) is 
developed for colloids with constant surface potential by acijusting 
pH away from Z .P. C. at which maximum mutual flocculation 
occurs, and by increasing electrolyte concentration. This ideal 
situation 1s true only in the absence of specific interaction between 
the colloidal surface and counter ions. The second equation 
predicts that repulsion energy ( V R) decays exponentially with 
interparticle separation, and the rate of decay is determined by 
electrolyte concentration and counter ion valency. Its reciprocal, 
1/K , is a measure of double layer thickness and is reduced by 
increasing electrolyte concentration thus giving rtse to the 
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manifestation of London~van der Waal I s . attractions (VA, see 
equation 11). Accordingly, colloidal stability will be reduced. 
This is an apparent contradiction to predictions based on charge 
developm en':: alone. In reality, colloidal stability depends both 
upon charge development and the compressibility of effective thicl~­
ness of the diffuse double layer. The~ latter may be due to 
presence or indifferent electrolytes or appropriate concentrations 
of specifica\ly adsorbed ions. Thus, the slight reduction in sta­
bility noted for the Hilo soil above pH 10. 2 and the inability to 
stabilize Akaka and Kawaihae soils at very low pH values, botl·, 
may be due! to the presence of excesH electrolyte which in thesE, 
cases were NaOH or HCl. Amphotm"ic colloids with very low 
Z.P. C. ( ~.uch as Kawaihae and Akaka soils) are difficult to 
stabilize by decreasing the p_H on the acid side of the Z. P. C. 
Similarly, those with high Z. P. C. ape difficult to stabilize above 
the Z.P.C. El-Swaify (1976) for this reason, was unable to 
obtain effective stabilization of gibbsite · and bayerite above their 
Z .P .C . 1s. The small amount of repulsive forces which caused 
the slight dispersion of the undried Akaka soil below pH 4 
( Figure 17) was effectively overcome by additional interparticle 
bonds caused by drying ( Figure 20). Also, the magnitude of 
charges developed by this soil at low pH were by drying ( Table 
7). In contrast, the Hilo soil has a Z. P. C. near neutrality 
( around pH 6. 5} . Consequently, it ts equally possible for this 
97 
soil to develop sufficient charges to st.stain colloidal stability both 
below and nbove the Z. P.C. thus pr•)ducing a somewhat 
symmetrical stability diagram ( Figure 18). In further support of 
these observations, Tama ( 1975) failE:d to stabilize the Molokai 
( oxisol) and Waikane ( Ultisol) soils below their Z. P . C. values 
which he r(:lported as 2. 5-2. 9 and 3. J-4. 0 for the two soils, 
respectively. Also, El-Swaify ( 1976) was able to obtain sym­
metrical stability diagrams only for goethite and. a few mixtures 
of AI- or Fe-hydroxides and kaolinite, illite, and kaolinite-illite. 
Based c.n the stability diagrams fol' the three soils, it may b,:l 
I 
predicted tl.at effective restoration of original soil conditions may 
be best acl-.ieved at pH values of 8-9 and 3-4 for the Akaka and 
Hilo soils, respectively . 
. , 
.....-· .... \ 
SUMMARY AND. CONCLUSIONS 
The effects of drying by various well-defined methods on 
water retention, structural charge, and surface characteristics of 
two Typic Hydrandepts and one Camborthid were investigated. 
The roles played by various cementing constituents in determining 
the effects ,::,f drying were investigated both by selective extractic n 
( using H o to remove organic matter) and _by synthetic tech­2 2 
niques ( to determine the effects of present Fe-hydrous oxides 
and Al-hydroxide). Chemical conditions favoring restoration of 
original soil properties after drying were also investigated. Frc m 
the results obtained with these experiments, it was concluded th :1t: 
1. The high field water contents of Typic Hydrandepts are: 
accounted for by their large surface areas which 
2 . 
approach 250 m / g. Amorphous or gel like fine crys-· 
talline constituents are responsible for these large · areas 
as they account for 60-65% and 75-80% of the total 
constituents in Hilo and Akaka soils, respectively. 
2. Comparison between water losses by freeze-drying, 
P 0 -drying, and oven drying at lOS°C showed that the2 5
first two methods are preferable for determination of soil 
water contents of Typic Hydrandepts. Oven drying 
caused additional losses of some structural water which 
cannot be considered active in transport phenomena or 
··...~, . 
.· ,• 
•.... -~ ,. 
available to growing plants. 
3. Th9 occurrence of mineralogical transformations upon 
drying of Typic Hydrandept~ at ordinary temperatures 
could not be confirmed in this study. Decreased x-ray 
attEinuation in samples not subjected to drying was prob­
ably due to dilution of mineral constituents by the water 
prEisent . Drying at elevated temperatures, on the other 
hand, may be considered a cause for mineralogical 
changes as indicated by loss of structural water. All 
drying treatments did result i.:1 significant changes m SOl. , , 
physical properties. 
4 . Changes in physical propertie,s due to the three well"." 
delined dehydration treatment~; included increases in 
ag~Jregate sizes and amounts and reductions of specific 
suPface, water retention, and measureable net charges . 
These changes were in the c,rder: oven drying>P2o 5 
dr;{ing>freeze drying. It waH concluded that freeze 
drying was the best alternative studied here for pre­
serving natural soil structural conditions. A preliminary 
visual examination of a sample exposed to critical point 
drying indicated that this method may be even more 
superior. 
5. The presence of effective cementing constituents is 
largely responsible for changes in the properties of 
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Typic Hydrandepts upon drying. This was evidenced, 
on the one hand, by less drc1stic changes due to drying . 
aft~r organtc matter was dec:>mposed. On the other 
hand, it was shown on synthesized Fe hydrous oxide 
(A) that the higher contents of amorphous like fine cry:;­
talHne constituents resulted m more pronounced effects of 
drying. Large crystalline goethite and Al-hydroxide 
(gibbsite/bayerite) underwent little change in properties 
when dried at ordinary temperatures. Furthermore, the 
presence of high amounts of jithionite- or oxalate­
extractable Fe and AI in the soils and synthesized 
mL1erals was related to a hi~rh tendency for drastic 
ch.anges in properties to occt1r upon drying. The 
oxalate-extracted Fe and AI appeared to be more relat1?d 
to the soil content of amorphc,us or gel like crystalline 
materials while the dithionite was a less discriminating 
exlractant. Dissolution of both reagents was reduced by 
all drying treatments except for freeze drying. 
6. Proper selection of physical methods and chemical vari·­
ables is important for aiding the rehydration process of 
dried Typic Hydrandepts. Nearly 90% and 79% of the 
original contents of clay-sized particles were recovered 
from Hilo and Akaka soils, respectively, when vigorous 
shaki·ng was applied for 20 minutes to samples to which 
-
101 
op!imum amounts of solutions were added and when the 
fin3l pH levels were adjusted to favor maximum 
dh.persion. Shaking for lons,er periods of time, par-
tic·1larly of samples subjected to the least drastic drying 
tre,atments, 1s expected to pr:>duce near complete 
re,:::overy of initiai soil propePties. · 
APPENDD: I 
Zero Point of Charge ( Z . P . C. ) 
Treatments Wet Oven P205 Freez,~ 
Akaka Soil
-
original 5.2-5.5 5.5-5.8 5.6-5.9 5.2-5.5 
H202 treatment 5.5-5.7 5.6-5.8 5.7-5.9 5.3-5.6 
H202 contr•ol 5.7-5.9 5.5-5.8 5.2-5.5 5.0-5.2 
Hilo Soil 
original 6.2-6.5 6 5-6.7 6.5-6.7 6.0-6.3 
H202 treatment 6.5-6.7 6.0-6.2 5.8-6.0 6. 0-6. 2 
H202 contr·ol 5.8-6.3 5 .. 8-6 -.1 6.0-6.3 5. 8-6. 3 
Kawaihae Soil 
original 4.0-5 . 0 4 . 0-5.0 4.0-5.0 4. 0-5. 0 
H202 treat11ent 4.0-5.0 4 .. 0-5.0 4. 0-5 .0 4. 0-5. 0 
H202 control 4.0-5.0 4 .. 0-5.0 4.0-5.0 4. 0-5. 0 
Fe hydrous oxides 
Fe hydrous oxide (A) 8.0-8.3 8.7-8.9 8.4-8.6 8.1-8.3 
Fe hydrous oxide (B) 8.7-8.9 8.4-8.6 8.9-9.1 8.6-8.8 
Al hydroxide 
Gibbsite/bayerite 5.5-6 . 5 5.5-6.5 5.5-6.5 5 . 5-6.5 
••. I 
I 
. I 
I 
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APPENDIX II 
Change of Particle Siz~ Distribution 
Upon Various Drying Treatments 
Particle !3ize Wet Oven FreezeP205 
Akaka Soi: 
less than 2 ·1 m 
Original (untreate:d) soil 
41.5 16 .8 12.8 36.2 
·" 
2µ m-53 µm 
larger than 53 -µm 
34~6 40. 2 
23.7 4!;.o 
40.1 
47.5 
40.1 
24.9 
sum 99.8 10;:. 0 100.4 101.2 
less than 2 ..1 m 
H202 treated soil 
39.4 lS.0 19.0 37.7 
2µ m-53 -µm 45.7 4~·:. 7 38.1 50.0 
larger than 53 µm 13.8 4~:. 5 44.4 12.6 
sum 98.9 100.2 101.5 100.3 
less than 2µ m 
H202 contrQl 
44.4 16.8 19.0 44.7 
2µ !l}-53 µm 40.3 29.9 33.1 42.9 
larger than 53 µm 17.2 50.4 48.6 14.4 
. ) ~·, 
' ~ ' .. 
sum 101.9 99.1 100.7 102.0 
101-
APP ENDlX II ( Cl)ntinued) 
Change of Particle S iz0 Distribution 
Upon Various Drying Treatments 
......Particle ,:::>1ze Wet Ov-en P205 Freeze.. 
. . 
..•' 
Hilo Soil 
•·
.. Original ( ~ntreateid) soil 
less than 2µm 56.7 3~:. 9 36.7 
2µ m -53µm 25.3 23.8 17.7 
larger than 53 µm 18.7 4~?. 7 45.7 
sum 100.7 101.4 100.1 
H202 treated soil · 
less than 2µm 58.0 JS.5 38.0 
2µ m-53µ m 29.0 26.8 24.2 
larger than 53 µm 15.1 39.5 37.9 
sum 102.1 10:.. 8 100.1 
H202 control 
less than 2µ m 55.8 38.5 37.9 
2 µm-53µ m 24.7 21.4 22~4 
,.r.·. 
larger than 53µm 20.1 41.5 41.3 
-~ ..··-
sum 100.6 101.4 101.6 
45.0 
34.1 
21.8 
100.9 
43.9 
38.5 
18.2 
100.6 
44.6 
36.0 
19.7 
100.3 
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II(: APPENDIX II ( Continued) 
. . ' 
Change of Particle Size Distribution 
Upon Various Drying Treatments 
Particle Size Wet Oven Free2e 
less than 2 µ m 
2µ m-53µ m 
larger than 53 µm 
sum 
less than 2 µ m 
2µ m-53µ m 
larger than 53 µm 
sum 
less than 2 µ m 
2µ m-53 µm 
larger than 53 µm 
sum 
Kawaihae Soil 
Original (untreated) 
45. 7 40.9 
40.3 4G. 9 
14.8. 1:t .4 
100.8 9!). 0 
H202 treated soil 
44.f 44.4 
41.0 4H.1 
14.7 lB.5 
99.8 10:..0 
H202 control 
42.6 45.0 
44.0 35.5 
13.5 18.9 
100.1 99.4 
soil 
· 
41.4 
43.2 
14.8 
99.4 
40.8 
46.4 
13.5 
100.7 
43.S 
41.6 
13.8 
98.9 
43 . .5 
46 . .3 
11.4-
101. ~; 
46.S 
- 43. ;; 
10.f 
100.S 
48.2 
42.2 
10.5 
100.9 
._ -.. 
. . ";" .. ...·. :· 
.. ' ... ';,: 
_ 
. ·.. ·. ': ;-·· ..:... 
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.. ' .. 
. ' 
Change of Particle Siz: Distribution 
Upon Various Drying Treatments 
. . ~ ·... 
Particle Size Wet Oven Freeze 
.. 
o;,: .. • 
· ·:...... 
;···.. ~ . . .-
less than 2 µ m 
2.0 µm -53 µm 
larger than 53 µm 
sum 
less than 2 µ m 
2.0 µm-53µ m 
larger than 53 µm 
sum 
. less than 2 µ m 
2.0 llm -53 ].lm 
larger than 53 µm 
sum 
Synthesized Minerals 
Fe hydrous oxide (A} 
100.0 50.0 
1.7 20.1 
0.7 2B.8 
102.4 9H.8 
Fe hydrous oxide ( B) 
100.0 9:s.s 
2.7 
,. 90 ,) . 
102.7 
Gibbsi te/bayerite 
88.62 82.00 
8.99 13.00 
2.59 4.83 
100.0 99.83 
68.8 
4.9 
28.1 
101.8 
100.0 
2.6 
1.0 
103.6 
78.64 
17.94 
3.42 
100.0 
82.E 
13 .4. 
3. f. 
99. t• 
100. c, 
1.l 
103. ~-
86.34 
9.65 
4.01 
100.0 
,,.,•·.A·, 
•· > ';;_ ·:···.'.,. '-. 
o' ,.., • ~·tv • '."· 
.. 1,, ••• 
. . .. 
APPENDIX III 
Colloidal Stability 
( Particle Size Distribution at Selected pH Values) 
O.lN-HCI or Particle Size Distribution (%) 
... NaOH added 
-
amounts (ml) pH >53 µn 2-53 lJITI <2 µrr. 
Akaka Soil (ori9inal) 
56.0 1.85 16.0 75.0 11.0 
26.0 2.50 16.0 78.0 7.0 
14.0 3.20 17.0 84.0 1. 5 
7.0 3.60 26.2 75.0 0 
. .:..' 
. . 3.5 3.90 27.2 74.5 0 
1.0 4.40 27.8 74.5 0 
0 5.20 27.4 75.0 0 
1.0 6.10 28.l 45.9 32.5 
3.0 7.00 28.3 45.5 46.3 
8.0 8.15 ·28.0 45.S 4.9 
16.0 9.25 27.7 46.8 50.5 
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Colloidal Stability 
( Particle Size Distribution at Selected pH Values) 
• I ~· 
O.lN-HCl or Particle Size Distribution ( %)NaOH adde.d 
amounts (ml} pH >53µ m 2-53 µm 
3.0 
2.5 
2.0 
1. 5 
0 
0.4 
1.0 
1.4 
2.5 
6.0 
10.0 
15.0 
22.0 
Hilo 
3.43 
3.50 
3.17 
4.15 
5.46 
6.34 
6.66 
7.03 
7.91 
9.40 
10.25 
10.61 
10.70 
Soil (ori qi nal ) 
20.1 
22.1 
21.6 
19.6 
20.1 
23.4 
20.8 
23.5 
24.2 
24.4 
21.9 
23.2 
21. 2 
13.1 
12.0 
12.2 
13.4 
19.4 
76.6 
77.2 
76.5 
75.8 
29.4 
21.6 
22.4 
24.8 
66 .·8 
65.8 
66.2 
67.C 
60. !: 
0 
0 
0 
0 
46. ~: 
56. 5 
54.4 
54.2 
. ~ ·.: . 
.. 
10) 
APP ENDIX lII (Continued) 
.. 
·~ : ·. ··:. :, .-._ ~ Colloidal Stability 
(Particle Size Distribution at Selected pH Values) 
0 .1 N-HCl or 
•. -., .· ·: ·- ;·_' Part;cle Size Distribution (%)NaOH added 
-
:.. . ' ..... amounts (ml) pH >53µm 2-53 µ m <2 µrr . 
Kawaihae Soil ( c,riginal) 
90.0 1.70 10.8 89.0 0 
20.0 2.70 11.0 88.0 0 
. :." 10.0 2.80 11.8 88.0 0 
5.0 3.45 11.4 89.0 0 
2.5 4.30 12.3 89.0 0 
0.8 5.80 12.8 88.5 0 
'•J • 
0.2 6.70 11.7 80.0 8.0
. . . ~ 
... ·.• ... ·. :~ 
0 7.05 11. 5 44.5 43.5 
,, _ ,_ ... ,•- . 
0.8 9.75 11.0 38.5 50.0 
1.5 9.50 11.3 38.5 50.0 
4.0 10.50 8 .8 . 39 .o . 52.0 
8.0 11.00 8.4 38.0 54.0 
.}- ... ·-"':' ·,' 
.• •:· ·: ·• 
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APPENDIX III (Continued) 
·.. , ...: "· . Colloidal Stability
.. -. ; ( Particle Size Distribution at Selected pH Values) 
O.lN-HCl or 
Par ticle Size Distribution ( % ) •, NaOH add,3d 
.. 
.. amounts (ml/I) pH >53µ m 2-53µm <2µm
-
.. 
Akaka Soil (P205 dried) 
.. ,. ~ 
24.0 2.75 15.1 83.6 0 
10.0 4.30 19.6 79.3 0 
5.0 4.40 27.5 73.5 0 
.• · 1''". - • 2.5 4.55 30.6 68.0 0 
.. 
1.2 4. 70 34.8 63.3 0 
0.5 4.90 35.9 63.6 0 
0 5.15 42.6 56.8 0
.• -~.
.. . . 
0.5 6.60 40.8 42.1 17.1
-. ,. 
-.. - ._ .. ·:__._ 
1.5 7.25 39.0 42.7 18.4 
2.5 8.50 40.0 39.0 21.0 
5.0 9.70 35.9 24.6 39.5 
~- .. . •,. . 
_:..:.. -~ ... -....-;.-.,· ~- ..: ; 
· 111 
APP ENDIX III (Continued) 
Colloidal Stability 
(Particle Size Distribution at !3elected pH Values) 
.. O. lN-HCI :>r Particle Si"ze Distribution (%)NaOH added 
amounts (ml/I) pH >53µm 2-53 µm <2 µrr, 
~-
.. 
-
Hilo Soil (P205 dried} 
19.0 2.40 16.7 25.8 56.2 
5.0 4.00 21.7 25.4 51.6 
O · 5.55 41.2 ·26.6 31.8 
0.5 6.65 38.9 64.6 0 
1.0 7.10 38.2 64.2 0 
1.5 7.35 38.6 65.4 0 
2.0 7.80 41.8 59.3 0 
2.5 8.00 35.8 63.8 0 
3.5 8.90 34.1 39.0 31.8 
5.0 10.20 34.5 25.5 41.3 
10.0 11.15 32.4 7.0 60.S 
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Colloidal Stability 
( Particle Size Distribution at Selected pH Values) 
O.lN-HCI or Part;cie Size Distribution (%)NaOH added 
amounts (ml/I) pH >53µ m 2-53µ m <2µm 
Kawaihae Soil (P205 dried)
.. 
30.0 2.40 10.2 91.5 0 
.. : 15.0 2.75 11.9 90.0 0 
7.0 3.10 9.4 90.0 0 
2.5 3.66 10.7 91.0 0 
1.0 4.65 13.7 90.5 . o 
0.5 5.70 11.1 91~5 0 
0 7.10 12.7 47.9 40.6
.. ... . ~ 
0.8 8.75 10.7 42.2 45.5 
1.5 9.60 13.8 42.0 44.0 
4.0 10.16 10.2 43.0 45.6 
8.0 10.86 . 10 .0 40.0 50.0 
. •. ,. 
...
.. 
t: 
.,.. ~-:.. ~ ~ ..... ~ 
. ~.. .. 
.. ~~ .
•.. 
.• 
.• . 
.. 
... ....... 
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